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HANDBOOK FOR FIELD GEOLOGISTS IN THE 
UNITED STATES GEOLOGICAL SURVEY. 

By C. W. Hatbs, CUtf Geologiit. 

INTRODUCTION. 

In geologic field work, as in meet other tlungs, there are certain 
methodH of procedure which have been found by experience better 
than others. In govenunental work certain methcrda, particularly 
in connection with expenditure of public money, employment, etc., 
are prescribed by law and must be strictly adhered to. Inetnic- 
tionj) relating t« these matters have been issued from time to time, 
but circulais are easily mislaid and many points have never been 
covered by them. More than one hundred men connected with 
the Survey and having very diverse experience are doing geologic 
field work. The methods which have been proved good in prac- 
tice by the mc^e experienced should be made available for the lees 
experienced, for poor or wrong methods result in toeo of efficiency. 
It seems deaiiable, therefore, to bring together in convenient com- 
pass instructions, suggestions, and data which will be helpful in the 
field. 

Htmy of the suggestions and directions here given may appear 
to some membeiB of the Surrey to be entirely too rudimentary 
and to cover points on which instructions are unnecessary. Those 
who need no instruction are to be congratulated on their knowl- 
edge and experience, but are also to be reminded that mistakes 
in these simple matters are by no means confined to banners, and 
that the test applied to all is the quality of results obtained. 

All geologists usii^ this book are cautioned against its abuse. 
Directions for making observations and taking notes and particu- 
larly for the use of the schedules are intended to insure thorougjt- 
nees and system, not to relieve the observer of the necessity for 
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thought. It would be a misfortune if they should hamper origi- 
nctlity or reduce the work to a merely mechanical process. 

The work of the field geologist presenta great diversity, and 
while the more common types are provided for in the following 
instructions, all conttitions can not be foreseen and the geologist 
miist use intelligence as well as this book in adapting his methods 
to the particular needs of his work. It is not expected that it 
will in every case tell him "what it is customary to do under the 
circumstances." This is notably true in regions difficult of access, 
or where unusual obstacles to travel and observations must be over- 
come, as in parts of Alaska and most tropical regions. Special 
methods must be devised to meet such special conditions, and the 
geologist's success will be proportionate to his adaptability. 

In the preparation of this handbook suggestions regarding the 
matter to be included and the method of treatment have been 
invited from all members of the Survey concerned and these sug- 
gestions have been freely used. In the preparation of the sched- 
ules in particular has valuable assistance been given by those 
especially familiar with the subjects treated. 

While in many cases several alternative methods are su^eeted 
and there may be others equally good, a few directions are made 
mandatory and not left to the discretion of the individual. All 
field geologists will be expected to make themselves familiar with 
a of this book — at least the mandatory portions. 
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PART I. -GENERAL INSTRUCTIONS. 
Organisation. 

1. The geologic branch coneiBtB of the following diviajons; 



Chemical and physical reneansh. 

Field work ot the kind treated in thie handbook is confined chiefly 
to the firet two divisions named above. Geologic work is also done 
by the water-resoureee branch in connection with the study of 
nndetground waters. The administrative unit is the party, in 
charge o! a chief of party, and these unite are variously grouped for 
adndnistrative purpoaes. 

2. The geologic work of the Survey is organized for scientific 
fluperviflion under the following sectional 

1- Areol Hjid itnictuTal geology. 

2. Fetrology. 

3. FaleOHtDlogy. 

4. EooDomlc geology ot metalUtaniUB ana. 

K. EcoDomJc geology ot □onmetalllleraua mlneiola. 

e. Economic geohigy ol luelg. 

T. Phyifographlo and glacial geology. 

8. FrfrCainbTlatiaDd metamorphlc geology. 

Ab fully e^tplained in the Twenty-second and subsequent Annual 
Reports, the purpose of this form of organization is to secure eco~ 
nomical and efGcient administration and thorough scientific super- 
vision and coordination, both of field work and published results. 

3. In order that the supervision of a section chief may be efficient 
and his advice helpful, conference between geologists and section 
chiefs is desirable at various stages of a given piece of work. Free 
consultation is particularly needed (q) when preparing for field 
work, (6) during field work, and (e) when preparing a report. 

(a) Each chief of party when assigned to a new piece ot work 
should review available information and make a forecast of the 
problems likely to arise in the projected investigation. The woh- 
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lems of each, special clase should be presented to the section chief 
coacemed, wiUi a statement of the proposed plan o£ work. It the 
subject tor contereace is extensive or of special importance the 
statement made concerning it should be in writing. 

(5) Wiiile it is phyBicalJy impoasible for a section chief to \mt 
many parties in one sea^jn, the field geoIogiBt who encounteis unex- 
pected problems, requiting the work of a specialiBt or demanding 
great refinement in observation and consequent delay in complet- 
ing the work, should not fail to communicate promptly with the 
appropriate section chief, who may in many cases be able to give 
assistance. 

(c) A most important stage tor conference with section chiefs ia 
after the completion of field work, when the report is to be planned. 
Before actually beginning work on the report the geolc^t should 
carefully consider his material and plan in detail the publication 
which appears to be warranted or demanded under the circum- 
stances. At this point the section chiefs ehould be made acquainted 
with the reeulta of field work and asked to consider the plan of 
office work and final report. CriticismH and HuggestionB at this 
time will frequently obviate the necessity of extensive revision of 
manuscript and tend to secure well-balanced treatment of the 
subject. 

If an investigation is not completed during the field season the 
counsel of section chiefs should still be sought in working up the 
results obtained and planning the final field work. 

4. In some cases administrative control as well as scientific super- 
vision is vested in chiefs of sections, and it is also sometimes dear- 
able to place a number of field parties under the immediate super- 
vision, both administrative and scientific, of a geologist other than 
a chief of section. The organiiiatioii is intended to be sufficiently 
elastic to meet the great variety of conditions under which geologic 
work is carried on. 

Belaticmg to the QoTsniment 

1. To the Survey, — Loyalty on the part of every member to the 
Survey as an organization is essential to its continued prosperity and 
high standing. The enviable position which the organization now 
holds in the esteem and confidence of the public is a most valuable 
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asBet, and each member should feel ihat lie ie personally reBponeible 
for mamtaining and increasing its reputation. The peTSOnuel or 
work of other membera of the geologic branch or of other branches of 
the Survey should never be publicly criticised . It there seems to be 
ground for criticisms they should be communicated through the 
proper official channels to the responsible officer, who will give them 
full consideration. 

The geologic branch cooperates with other branches of the Survey, 
and to render such cooperation effective the interest of the Survey as 
a whole must be kept in mind ratherthan the special interest of any 
particular branch or division. In such cooperation the specific 
objects for which the appropriation was made must be considered 
and the work directed to these objects only, 

2. To other SureaTw.— Public criticiaca of other bureaus should also 
be carefully avoided and when deemed necessary should be made 
through the proper official channels. 

In connection with the work of the geolt^c branch, the Survey 
cooperates with the General Land Office, the Mint, the Forest Service, 
the Office of Public Boads, and occasionally with other bureaus. 
Geologists assigned to such work should familiarize themselves with 
the regulations and methods of procedure of the cooperating bureau 
and conform to them. 

Belations to Other Suiveys. 
It is essential to efficiency and economy that cordial relations be 
maintained between the United States Geological Survey and State 
surveys. A chief of party assigned to work in a State in which 
there ie a geol<^cal survey should ascertain whether or not the State 
geolc^fist has been fully informed of the plans for the proposed work, 
and if not should prepare for the signature of the chief geologist 
a letter givii^ the information and inviting suggestions. Before 
taking the field the chief of party should himself write to the State 
geolc^ist and during the progress of the work he should keep in 
touch with that official, either by letter or by personal conference. 
Such informal cooperation will always prove mutually advanta- 
geous. Wherever formal cooperation with a State survey is in force, 
the public should be fully informed of the relation which the State 
survey bears to the work. In all proper ways the public should 
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be impieesed with the value of the local survey and the impor- 
tance of giving it liberal support. It should be clearly understood 
that the Federal and State aurveya are not competitors occupying 
the same field, but that each oi^nization haa a held of its own and 
that each should supplement the work of the other. 

It IB eapecially important that the chief of party should confer with 
the State geologist in regard to questions of correlation and Domen- 
clature. He ahould himself be thoroughly familiar with Survey rules 
and practice in such mattera and should endeavor to make hia 
nomenclature conform to that used by the State survey. If this ia 
not possible he should explain fully the reasons for the differences. 

Belationa to the Public 

1. Courtesy to the public is enjoined on every member and 
employee of the geologic branch while engaged in official duties. 
When persons make serious inquiry concerning the work the Survey 
is doing, time should be taken to give them the information. Dis- 
courtesy to the people of the country will not be tolerated, and 
chiefsol parties will be expected todiscipline or dischai^ employees 
for flagrant n^lect to conduct themselvea with politeness and 
propriety. Where cooperation between the Federal and State gov- 
ernments is in force, officers and employees will be expected on all 
proper occasions to make known to citizens the relations of the State 
to the work which is being done, 

2. It sometimes happens that objection is made to entry on private 
property by members of the Survey eng^ed in official work, but it is 
believed that generally this objection may be overcome by an 
explanation of the public character of the work. The governors of 
the different States and Territories have recently recommended to 
their respective legislatures the enactment of laws granting this 
authority to officials of the United States Geol<^ical Survey, and 
such laws have been enacted in Arizona, California, Illinois, Maine, 
Montana, New York, Ohio, Pennsylvania, and Washington, 

Information. 

1. Members of the geologic branch are instructed to exercise great 

caution in making public any information which they may obtain 

in the course of their work. In general, all matter (or the daily 
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preaa should pasa throi^ti the handa of the Director and be issued 
in the regular press bulletins. Only in exceptional casea should 
interviews be given to reportere. 

2. Geologists are expressly forbidden ia giveout to individuals or 
corporations, in advance of actual publication, the resulta arrived 
at in the course of their geoli^ic examination of a district or area. 
They are at liberty, however, to communicate orally to the owner 
or manager of a mineral property during the progress of its investi- 
gation such information with regard to the geology of that property 
as may be of value to him in its development; but written state- 
ments must be avoided, lest they be used for promoting or unduly 
enhancing values. This regulation, it will be undentood, is de- 
signed to assure a fair and equal participation, by all who are inter- 
ested, in the advantages that may result from the work of the Survey, 
and to avoid any appearance or suspicion of favoritism. 

3. Information of a confidential character, such as mine maps, 
drill records, statistics of production, etc., supplied by private par- 
ties or corporations, must be carefully guarded and be used in the 
preparation of reports for publication strictly in accordance with 
the conditions stipulated by the persons furnishing it. Confidential 
maps will be returned promptly to owners when desired. 

Monthly BepoTtB. 
1. A report in card form must be made out and transmitted 
promptly at the end of each month by each member of the scientific 
force in the geologic branch who holds an appointment from the 
Secretary of the Interior and has been engaged for any part of the 
month on Survey work; also by each geologist, paleontologist, and 
assistant who has an allotment from Survey funds, whether em- 
ployed during the month or not. On these card reports is based 
the monthly report to the Director and for this purpose they must 
be in hand before the end of the first week in the month. Vouchers 
for services and expenses are liable to be held up until the report 
for the period covered by them is received . The date of receipt is 
stamped on the cards and a record is kept of those persons to whom 
a special request for report is seat. It is a fair iiiference that one 
who neglects so simple a matter as a monthly report will neglect 
other more important duties and his efficiency receives a low rating 
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2. The work of field aBBJatante should be included in'the report of 
the chief of party. AasiBtaat geologists workiDg under the imme- 
diate aupervidon of a chief of party should make duplicate"reportH— 
one to ^e geologiet from whom instructions are received'and the 
other to the chief geologist. 

3. These reports must show (a) kind of work done; (6) region, 
district, or quadrangle to which it pertained; (c) where the work 
was done; (cO division of time amoi^ various claaseeof work or areas, 
by percentages or days and parte of days. They should be suffi- 
ciently complete and explicit to form the basis for determining the 
cost of any piece of work. They should contain a, concise account 
of the manner in which the peraon making the report was occupied, 
and will constitute hia personal record. They are constantly re- 
ferred to and it is to his interest that they should adequately show 
the character and amount of work accomplished. 

4. When areal work is done on or adjacent to mapped quadrangles, 
a convenient portion of the ruled face of the card should be included 
within neat lines and marked with the quadrangle name. The 
portion of the area covered by work of each class should be indicated 
by shading, and the class of work by the appropriate number, 
placed either on the quadrai^le area or on a block of the same shad- 
ing outeide. When the unit area b the township, suitable squares 
should be ruled oH, numbered, and treated as above specified. 

5. When work on areal goolc^ for folio publication is confined to 
Quaternary deposLtSj that fact should be indicated. 

6. When work is done which falls under the head of "General 
reconnaissance," the routes followed and areas covered should be 
indicated by a sketch on the face of the card, with latitude and 
longitude or other means of idantifying the location. 

7. When several classes of work are done on the same days, an 
estimate of the time devoted to each should be made and expressed 
in percentages of the whole time covered by the inclusive dates. 

8. The face of the card will ordinarily be sufficient for areal dia- 
gram and the abstract of occupation, but if not the abstract may be 
continued on the back. 

9. Any exceptional conditions which influence the character or 
amount of work accomplished should be briefly noted on the back 
of tbecBid. 
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10. In case it appears dedrsble for any person to make a more 
ample report than the card form permits, a supplementary report 
may be made by letter, but the fact that such report is made should 
be stated on the card, together with a brief abstracl of its contente. 
This provides for the preliminary statement of economic and scien- 
tiflc results, which is freqiiently desirable, 

11. Where field work is of such a character that results can be 
measured in definito unite of area, the number of units covered 
during' the month and the unit cost should be given. This is gen- 
erally possible in areal surveys for folio or land-claeaification pur- 
poses. Suitable blanks for giving this information are printed on 
the backs of monthly report cards. 

Assigimieiit and AUotmeiit. 

1. Since the party is the administrative unit, an allotment of 
funds is made to each chief of party to carry out the work to which 
he is assigned. This allotment is baaed on estimates furnished in 
most cases by the chief of party himself. It is intended to cover 
annual salaries of the chief and such assistants holding appointments 
with annual salaries aa may be ass^ed to the parly, per diem sal- 
aries and Balariea of temporary field and office aaeistama, pay of field 
laborers, traveling expenses, freight and express, field subsistence 
or per diem in lieu of subsistence, field outfit and instruments, ofiice 
instruments and fiumiture, photographic work, and rock sections. 
This allotment must not be exteeded under any Hrcwimtawxt without 
prior authorization in writing from the proper administrative officer. 
The chief of party should keep account of his expenditures, and a 
statement of charges made t^ainst his allotment will be furnished 
him monthly. 

2. In some cases an allotment is made to a chief of party from 
more than one appropriation, and in the preparation of vouchers care 
should he e^terciaed that the charge is made against the proper appro- 
priation and only for luort apedjically authorized by ktw wndrr that 
appropriation. 

3. The instructions contained in the letter of assignment will gen- 
erally t>e very brief, and whenever necessary will be supplemented 
by fuller instructions from the proper ijificer. Any question as to 
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the exact meaning of the LnBtructionfi or the object and scope of the 
work should be settled by conference and lucde a matter ot record 
before goii^ into the field. Aft«r receivii^ hie inBtructiona a chief 
of party should adhere to them until they are replaced or modified 
by other written instructions, and in no caee should he make any 
material change on oral instructions from any source. 

Preparation for the Field. 

1. Conference with chiefi of gectione.-'—On his assignment to any 
field the chief of party should confer with the chiefs of eectione 
under whose supervision the work falls. He should discuse with 
them fully the object of the work, the special problems involved, 
its bearing on other work in pnigress, and the cliaracter and form of 
report to be prepared, and, whenever desirable, he should obtain 
full instructions to supplement those contained in hie assignment 
and to cover special problems. This ie particularly desirable when 
a new region is entered or new problems are taken up. 

2. Previous uork. — Before taking the field the chief of party (and 
his assistants also, if possible) should familiarize himself with pre- 
vious geologic work, published and unpublished, relating to the 
region. He should endeavor to find out the amount of ascertained 
fact, as distinguished from inference, represented on each map. 
Such previous work should be utilized to the utmost, but the geolo- 
gist should guard, on the one haml, against following former con- 
clusions slavishly and, on the other, against going out of his way to 
prove his predecessor in the wrong. 

If geologic maps of the region have been published, an extra copy 
of each should be obtained, if possible, and so mounted as to be con- 
venient foe use in the field. It is not generally desirable to carry a 
large amount of literatmre into the field, but exception should be 
made in favor of reports to which frequent reference will be made 
during the progress of the work. 

3. Topographic data.— It no topographic map is available, or if the 
map is known to be inadequate or inaccurate, special efforts should 
be made to procure all available topographic data, such as railroad 
locations and profiles, ditch surveys, private mining-district maps, 
I«nd Office township plats, etc. Many of these data must be ob- 
tained by correspondence, which reguirRS time and should not be 
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postponed until tlie eve of taking the field. Special instructbnB 
celating to thia ma iter are given on a Hubsequent page under "Land- 
classification surveye." 

4. Mitcellaneoui infanrustion. — If the field to which a chief of party 
is asaigned is a new one he should before leavii^ the office gain all 
information possible concerning climate, vegetation, roads and trails, 
inhabitants, supply points, railroad, stage, mail, express and tele- 
graph facilities, and all other mattflra which will have a bearing on 
the method of carrying on the work and affect its economy and effi- 
ciency. Much of this information c&a usually be obtained bycon- 
ference in the office with topographers and others familiar with the 
region, hut some must generally be secured through correspondence. 

6. Irutrumenlt. — The chief of party should attend promptly on 
receiving his assignment to securing a complete supply of necessary 
instruments for himself and assistants. Instruments will be issued 
from stock so far as possible and will he charged to the chief of party, 
who will be held strictly responsihle for their return. He should 
see that the instruments supplied are in good order and are suited to 
the needs of his work. If newinstruments must be purchased, delay 
may occur and ample time should be allowed. At least one extra 
instrument of those which are essential should generally be pro- 
vided, especially for a large party working in a region remote from 
the office, so that no delay may be caused by loss or breakage. This 
suggestion applies to compasses, aneroids, and hammers, but not to 
field glasses, hand levels, cameras, etc. Compasses and aneroids 
should not be carried loose in the pocket, but in a case securely 
fastened to the person on a belt or otherwise, and a tightly fitting 
case should be used for carrying pen and pencils. 

The followii^ instruments are used by the field geologists and will 
be supplied so far as the actual needs of the work demand: 

CompasMSi Ourler Clinometer or BmntoD. 

Hand leyelBiLocke.Abney (with or without ataO aooket) , or tslescopic (monoc- 
ular or bhiooular) . 

Aneroldi, 3.000. $,000, 10,000, or 12.000 feet. 

Field glasMB, monocular or blnoculftr. 

Tapes, 50 or 100 feet, steel or linen. 

Cameras, 4t by 61 to ^ by 8. 

Hsmmen, In variety of weights and patterns. 

Plane tables, IMacb tra>FerBe with open-slfht itlldade. 

SketoblDC cases. Smith. 
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Id exceptional cases other inetrumeiits, ae Johnson plane table, 
teleecopic alidiulee, stadia ttansitfl, wye levels, etc., may be required. 
Where inBtrumentB can not be supplied from stock they will be pur- 
chaaed and charged to the allotment of the chief of party to whom 
they are issued , Their cost should therefore be included in estimtktee 
for field work. Al! inetrunientH should be turned over to the custo- 
dian when no longer needed. At the end of the field seaaon those 
still in hand should be reported to the custodian, who will imme- 
diately reisBue them to the same person if desired or will hold them 
for him until the beginning of the next field season. 

6. Stationery. — An adequate supply of necessary stationery and 
blank forms should be obtained before leaving the office, but the 
supply should be strictly limited to the immediate and probable 
needs of the party. It is not desirable to carry throi^h a long field 
season blanks that will be needed only at its conclusion, nor to pro- 
vide for remote contingencies. Requisitions for eupplies for field 
use will be given prompt attention, and it will tarely require more 
than ten days to get supplies to any part of the country except 
Alaska. 

The following list includes all blank forma and stationery ordinarily 
required by a geologic field party; 

Fiinted lonas needed throughout fleld seasoot Fonn No, 

Account hook, dO-page B-018 

Address, notlflcatlon of. 

Bill ot lading, oifglual&nd duplicate 9-060 

Contract rorm for fumlBhlng Bupplies. 
Contract form for employinent. 

Freight orejpreaa shipment, labeHoc 9-050 

Geologic monthly report, with or without abatiact ol eipenOltiircs on 

GeologlHt'H time card, per diem. 
Mall, forwarding card. 

M^l.aecond-class, label lor a-ieo 

Photogiaphlc-exposuie record book. 
Postal card, plain, 

Bequlaitlon. pet rographlc work 9-ISl 

Requlrttion, photography 9-136 

EeqidHltion, stationery 9-12G 

Shipment from Held e-OM 

Specimen, geologic, label lor tk-lOl 

Telegram book, carbon duplicating. 

Voucher, pay ft-OlO 



GBNSSAL XNSTEDCnONS. 

It Bald uaeoB— Continued. 



n 



ras Deeded ttirougbou 

r. pay nrtl. short 9-012 

r, purobaee, Jmig 9-008 

r, purchftse, short 0-OOt 

r. lubvouoher book »-019 

r. traveling expen»e 9-018 

vellng enpense, eitra leaves 9-017 



leededBl 



Agreement, storage ol public propertj.. 



.. 9-057 



Property affidavit 

Property, iDspectloTL report 

Township plat 8 

Statlonerr needed In the field: 
Copying book, pen carbon. 
Erawr, pencil. Eagle clip. 



Pencll^wlDt protecton, metal and rubber. 

Pencil pointer (sandpaper block). 

Pencils, Faber, Nos. 1 to 5. 

Pencils, Kohinoor, Nos. B to 9-H. 

Pencils, red, blue, and green. 

Penholdsi. drawing. 

Pens, drawing. 

Rubber bands, assorted sizes. 

Shears, S^nch. 

Tag. ahipplng. plain. 

Tag, shipping, to the Director. 

Thumb taoks. 

7. Notebooks.— A variety of notebooks are supplied for field use, 
and the kind to be used will depend on the character of the work, 
ae indicated in the following paragraphs: 

When observations are to be made on a number of diSerent aubjects, 
as is generally the case in areal work, a loose-leaf notebook is recom- 
mended. This permits the assembling and classiflcation of notes 
relating to a siogle subject or a single area, whether made by one ot 
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several persons. It is also recommended for the geologiet who visiti 
a number of widely separated localities in the i^urse of a single 
season. The outfit consiflta of (a) fillers with detachable leaves and 
(b) holders for assembling the leaves. The leaves are 5 by 7 inches 
and quadrille ruled to sixths of an inch. Leaves from the regular 
traverse book (Form 9-904) may be punched and inserted in the 
holders. 

When observations are made on phenomena of a single class in a 
restricted area, as in detailed work on a mine or mining district, a 
bound notebook may be preferred. Four kinds are available, viz: 

(a)Travi?rBetiook (Form 9-904), 5 by 1i. plain quHddllP ruUng to siitbs, 
(6) Traverse book (Form *-889), 7) by B], plain quadrille ruUog to ^itha. 
(OMlaenoteboolt (Form 9-911). Ti by SI. quadrille luUng to Inchee and tBatlM. 
(d) Ulne notebook (Fonn 9-937), 71 by 91. quadrille ruling to Inches and Unthi. 

Nos. a and b are especially adapted to note taking by the profile 
method described on page 53. 

A convenient book for keepii^ accounts, addresses, and miscel- 
laneous memo^nda is Form 9-918, which is suitably ruled and 
indexed. 

8. Maps. — All avaDable maps relating to the region to be st\idied 
should be procured. Atlas sheets for field use should be sectioned 
and mounted on cloth for folding or on leaves for insertion in the 
notebook. If notes are placed directly on the map the latter method 
is preferable, as there is less liability of loss. A convenient method 
of protecting from injury a folded map, mounted or unmounted, is to 
carry it in a transparent celluloid pocket which may be fastened on 
the inside of the notebook cover. A few extra copies of the atlas 
sheets covering quadrai^les on which work is to be done should be 
taken into the field. 

9. Stationcfy box. — Each party should be provided with a suitable 
box for carrying stationery, maps, notebooks, and instruments. 
A small steamer trunk with trajw specially arranged for the purpose 
is most convenient. Patterns adapted to various conditions may be 
examined in the Survey office. 

10. Perianal outfit. — Condttions under which field work is to be 
carried on will necessarily determine the personal outfit with which 
the field man must provide himself. He will naturaOy consult hia 
own tBst« in matters of dress, but certain considerations should be 
kept in mind. 
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(a) The bulk and weight of the owtfit should be kept as low as 
pOBrible. The allowable limit will be determined by the form of 
transportation. It should be lowest where there ia to be much 
travel by Btt^e and private conveyance or by pack train, and may 
be higher where work ia done from a few hotels or from a camp pro- 
vided with wagon transportation. 

(6) Neatness in dress, so far as is co npatible with the nature of the 
work, is strongly urged on field men. This can best be secured by 
having clothing specially designed for field work. Khaki has proved 
highly Batisfactory under a variety of conditions, and samples of 
garments made from this material and miited for field use may be 
inspected in the office and ordered fro.u the maker at reasonable 
prices. It ahotild be re.iie jibered that the Survey ia judged gener- 
ally throughout the country by ita field representatives, and in per- 
sonal appearance as well as in other ways they should do it credit. 

(c) Special attention should be given to shoes, since the conditions 
of a man's feet will materially affect the amount of work he will 
accomplish. Bedding will not generally be furnished and the maa 
who eipecta to live in caup should supply his own. Wool blankets 
of good quality are most satisfactory and economical, and in malarial 
r«^ons a mosquito bar should always be uaed. Folding camp cots 
will be provided by the Survey; also canvas bed covers. 

(d) The chief or some mejiber of each party should provide hi nselt 
with a small supply of simple medicines, bandages, etc., and with 
directions for rendering first aid to the injured. This ia especially 
important where the field of work is re.note fro n physicians and 
druggists. The outfit should include a hypodermic syringe and a 
supply of potassium per.uanganate for regions infeated with poison- 
ous snakes. 

Orgatuzation of Parties, 
1. Laborers. — The letter of assignment authorizes !he chief of 
party to employ the necosairy laborers, including cooks, teamaters, 
packers, etc., and before entering on their dulies each one must 
sign a contract, two copies of which are forwarded to the office imme- 
diately. Blank contract f.irnis are provided. L.iborers should, so 
far as practicable, be employed in the region where the work is to 
be done. As the efficiency of the party is largely dei>ondent on 
the capacity and willingnessof the laborers, care should be exercised 
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in their selection and this should not generally be postponed until 
the chief of party reachea the field. Excellent results have been 
secured in many cases by selecting college students tor these posi- 
tions. Rates of pay are determined by local conditions, but they 
should be as nearly uniform as possible among parties working in 
the aame region. Exceptional rates and changes of rate should be 
authorized by the administrative officer in charge. 

2. Sdejitific astistantg. — Scientific and technical &eld assiatanta 
will generally be selected and employed in advance by the projjer 
administrative officer, and selections will be made so far as practi- 
cable from eligible lists furnished by the Civil Service Commission, 
In case it becomes necessary to employ a scientific assistant in the 
field, special authorization must l>e obtained if the employment is 
for a period of more than one week. 

3. Data of service. — The dates of beginning and ending of eervice 
of all temporary employees, both laborers and scientific or technical 
assistants, must be reported promptly. All vouchers for pay and 
subsistence will be held up pendii^ the receipt of this information. 

4. Field inmiraiKe. — Asnoleaveisgiven to temporary employeeein 
the field, whether employed by the month or day, their pay stops 
immediately if they become incapacitated by reason of accident or 
sickness. In order that other members of a party may not be called 
on to bear the expenses entailed by sickness or accident of one of its 
memliers, all employees should be ui^od by the chief of party to take 
out insurance. To provide insurance at the lowest possible rate a 
mutual benefit association has been formed by members of the 
Geological Survey and other Government bureaus. Thi!i association . 
exists solely for the purpose of giving health, accident, and life 
insurance to field men at cost and preventing unnecessary burdens 
from falling on the associates of sick and disabled men. Information 
concerning membership in the association can be obtained from 
chiefs of parties. 

5. Camp sribmleTife. — In some regions it is necessary and in 
others desirable to work with a camp outfit. The character of the 
outfit must be varied to meet the conditions, particularly the size 
of party, means of transportation, and character of work. It should 
contain the essentials for efficiency and comfort. Unnecessary 
hardship should be avoided as much as unnecessary luxury, for 
both lower efficiency. 
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Economy in the purcbEiee and use of aupplies is expecied. though 
the supply should be abundant and of good quality. The subjoined 
ration, prepared primarily for Ihe Alaskan parties, has Iwen used 
for a number of years and found both abundant and well balanced. 
It will be found useful in ordering supplies, particularly when 
transportation is by packing and therefore limited. The amounts 
of 9ome articles will, of course, be reduced if fresh meat, ^gs, and 
vegetables can be bought in the country, and also if transportation 
permits the carrying of canned v^etables, fruit, and milk. 



IPou 
Flout or hard tack 

Eloe 

Enporated potatoes 

Pea aauaage 

ETBporated soup vegptablen 

Dried beef 

Ciystalllied eggi 

Beef-tea capsules 

Tea 

Chocolate 

Ouioiu — 

Lime juice 

Evaporated fruit 

Baldng powder 

Pewier 

Calerjsalt 
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It is often (It'rfrable to know in advanci' the amount of feed which 
will be reqiiired by atock, and the following rat ion may be used as a 
basis tor estimates: 



IPouQds.) 



or Com. Hay. 



Light h( 
Uulea... 



C. DUnplinf. — In the conduct of a party in camp the chief should 
insist on punctuality, order, and neatneBs. With increase in the 
size of a party a proper amount of discipline becomes absolutely 
essential to efficiency. He should also insist on a proper regard for 
health on the part of each member of his party. Well -prepared food, 
protection from flies and mosquitoes, and care in respect to drinking 
water are prime essentials for health, and too much care can not be 
exercised in these particulars. Camp sites should be carefully 
selected and the tents should be arranged in a definite order and not 
at random, 

Olaseifioation of Work. 

1. Field work may be classified as follows: 

(n) Aresl. structtiraL. and Btratigrapliic gfology, n ith Iniidpntal study ol eco- 
nomic mlnerttl deposits. 
(6) Economlcgeology, vrith Incidental atinlj'olarealaDdstratigrBphlcpro'JlemB. 
(<■) InvesttKttlan ol geology of mineral deposits, 
(d) Investigntloti ol paleontologic and atraltgraphic gealogj-. 
(f) Investigation of glacial and physiographic gtology. 

2. Folio work cornea chiefly under o. but in part also under 6 in 
districts where the areal and siraiigraphic geology is studied only 
in relation to mineral deposits. I-and-classificiition work comes 
tinder 6. The character of work in relation to this classification 
should be kept in mind and the observations and their record made 
to conform to its purpose. 

Field Obnerratioiis. 

1. EfirnluU qualitke. — Field observations should be thorough, aam- 

rair, tyglcriiotic, and comprcheimve. On the degree in which these 

qualities are realised will depend the value of the concluaione 

C'.(H>^le 



OENBRAL INamnCTIONS. 37 

embodied in the resulting report and hence the scientific standJT^ 
of the geologist and his value to the Survey, No geologist achieves 
perfection in this particular, but nothing short of perfection should 

Thoroughness demands and involves willingness to perform the 
necessary labor required to get into close contact with the phenom- 
ena to be observed. It often entails foot work and climbing where 
the temptation is strong to use the glasses. It requires the same 
alertness at the end of a long day as at its beginning. The field 
geologist should always bear in mind the fact that he will probably 
never again see the particular locality he is studying and should 
therefore aim to make his observations so thorough that he will never 
i^in need tu^see it. 

Accuracy involves exact location by close watch of the map, con- 
stant appeal to measurement, minute examination, and a full record, 
for no matter how vividly observalinns seem fixed in the memory at 
the time they will certainly fade and become so confused with others 
that their value will be reduced to ^ero or less. 

System is easy for some and difficult for others, but can be culti- 
vated with advantage by all. To assist in its cultivation is the object 
of the schedules appended to this volume. 

Comprehensiveness comes with experienc<!, together with an appre- 
ciation of the variety of phenomena to be observed and of their rela- 
tions. There is no region bo simple as to present only a single cIabb 
of geologic phenomena and (he geologist should observe all facts in 
some classes (determined by the main purpose of his work) and some 
facts in all classes. Even if his work is primarily economic , he should 
be thoroughly alive to the purely scientific problems presented by 
the region and can generally study one or more such problems with- 
out detriment but with probable advanta^ to his economic work. 

2. PreHminary recontu^ianrf. — On reaching the field, if the geol- 
ogist is not already familiar with its general relations from previous 
work in the same oradjoining regions, he will find it highly profitable 
to spend the necessary time in making a preliminary reconnaissance. 
By this means he should be able to outline the problems to be inves- 
tigated and to determine the logical order of procedure for their 
solution. A sufficiently definit* idea of the physiography, stratig- 
raphy, and structure should be acquired bo that the field work may be 
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planned to pnjceed from the mmplf »nd evident to the complex and 
obscure. Such a reoooiuusiaiice ahoidd alnys precede the study 
<rf ecosomic problems and should gea«slly cover a much Iwger area 
than wfl] BuboeqnenUy be worked in detail. The geol(^?Bt should 
Beek an early opportunity to become acquainted with the best- 
inAmned and most representative mining men <rf the diBtrict under 
examination, since much \-aluable information, such as driU records, 
mine maps, etc., obtainable in no other way, oui often be procured 
fawn th«n. To eecure their confidence and coopei&tion is therefore 
important. 

3. iFori q/" oMtttonb.— The responsibility for both quantity and 
quality of work accomplished by a party rvsts with the chief. He 
should see that sasiBtante work to the beet advantage and no aafist- 
ant should be permitted to carry on independent work until his 
reliabilty and capacity have been thoroughly tested. The work of 
aMBtanlB should be bo arranged that the chief wiU have opportunity 
to check their reeults at frequent intervals. This inBpection should 
be actual and not merely perfunctar>- and should extend to note- 
books, maps, specimen Ubele. etc. It is highly imp<wtant, both for 
the chief and the aasistant, that ther« should be full discuBsioQ ol 
the problems under investigation during the progress of the work. 

Sstmiates of DuAanoe, ete. 
1. It is not always [imcticBble or neceeeary to make actual meas- 
urements of distancce, dimensioDG, or anglee. In many caeea the 
measmements can not be made by re«son of iDacceeaibility and in 
others the degree of accuracy required is not such as to juetify the 
expenditure of time involved. It becomes necessary then to sub- 
stitnte estimates, and their accuracy depends in part on natural apt- 
itude, but chiefly on training. The field geologist showld therefore 
tram his eye and judgment so as to attain the highest possible degree 
of accuracy. It is well to form the h»bitof making eatimatea before 
measuring distances or angles, for coutpariBon with resulla of the 
measurement. Only by so verifying estimates can the desired 
d^roe of accuracy be attained. 

2. Iduge distances and altitudes can be estimated beet by apply- 
ing some unit of measurement. Thus by repeated trials a hori- 
zontal distance of 100 or 1.000 feet should be estimated witbm a 
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imall percentage of error, and these distancee may be used as unita 
for eetimating the greater distance. In the eame way 6 or 12 feet of 
altitude is easy of estimate and may be used as a measure in deter- 
mining the height of a clifl or steep alope. The 46° angle can, with 
practice, be determined almost as accurately with the eye alone as 
with an ordinary clinometer, and by subdivision any other vertical 
angle can be obtained. 

Horiiontal HeasnrenientB. 

1. The necessity for determining horizontal distances with reason- 
able accuracy is of constant occurrence and a variety of methods 
may be employed, depending on the conditions present and the 
degree of accuracy required. These methods, named in the order 
of frequency with which they will be employed, are (a) pacing, 
{b) revolutions of s wheel, (c) tape, and (d) stadia. 

2. PoeiTif/.^Every field geologist should be able te measure dis- 
tances by pacing, with an average error not greater than 2 per cent 
on level ground and not greater than 10 per cent on the roughest 
ground and steep slopes. The length of the pace should be accu- 
rately determined under a variety of conditions. The accuracy is 
increased by making the pacing step slightly longer than the ordi- 
nary walking step. The wparate eteps may be counted, in which 
case some form of tally register should be used, or preferably only 
each fourth step should be counted, giving a tour-step unit. This 
is conveniently done by naming a digit in the thousands, hundreds, 
tens, and unite place for the four eteps constituting the unit. Thus 
the first pace will be 0-0-0-1, the second 0-0-0-2, the tenth 0-0-1-0, 
etc. After a little practice the count becomes Bubeonscious and 
distracts the attention only slightly from other things. 

Distances may also be measured with a fair degree of accuracy, if 
the ground is not too rough, by counting a horse's steps. The length 
of the pace should be determined for each animal before it is used as 
a unit of distance. 

3. Jteuolutitme of a 7/:keel. — Where measurements are to be made 
on a road and a buggy or buckboard is available, there is great 
economy in the use of the circumference ot a wheel as the unit. 
The actual revolutions may be counted, a piece of cloth or brush 
being tied to one of the spokes as a marker, or an odometer may be 
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used. Theee instnimeiits are, however, generally unreliable and 
may. introduce large errors into the measurement. If an odometer 
m uaed it is preferable to select one which records the actual revolu- 
tions of the wheel rather than one reading directly to miles and 
fractions of a mile. In fact, for traverse work the latter type is 
practically useless, as the smallest fraction to which it can be read 
is beyond the allowable limit of error in such work. 

In making a traverse with wheel measurements the scale used for 
plotting on the plane table or notebook should be such than an even 
number of revolutions is represented by a unit division of the inch, 
«o that it will not be necessary to reduce the revolutions to feet 
before plottii^. 

4. Tape iiiu!.— The field outfit should always contain a 50 or 100 
foot tape, preferably steel, for use in measuring short distances 
where a high degree of accuracy is re<iuired. It is especially useful 
in measuring sections for obtaining thickness where the conditions 
do not permit the use of a wheel. Two men are required for its use 
and a tally register is desirable. 

5. Stadia.— Where lines are to be run without reference to roads, 
so that a wheel can not be used, and where a higher degree of accuracy 
is required than can be obtained by pacing, the stadia method may 
be employed. Any instrument carrying a telescope and vertical 
circle may be used for this purpose, as a transit or telescopic alidade. 
To the reticule of the telescope are added two or more fixed hori- 
zontal wires placed at certain distances apart, A rod subdivided to 
suit the interval between the wires and painted in distinct colors 
forma part of the outfit. When the rod is set up at a distance from 
the telescope, that distance is ascertained from the number of sub- 
divisions included between the wires of the telescope, the value of 
each division of the rod being known. In measuring distance on 
slopes correction must be made to reduce the reading to horiwintal 
distance. 

In case it becomes necessary for the geologist to use the stadia, he 
should thoroughly familiarize himself with its construction and the 
precautions and corrections involved. 
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1. The means employed for determining differences in elevation 
will be varied according to the conditions and degree of accuracj- 
required. The instruments most used are (a) the aneroid, (b) the 
hand level, (r) the wye level, and (d) the telescope with vertical 

2. Averoid. — The eaae with which the aneroid is carried and read 
makes it an exceedingly useful instrument in geoli^ic field work. 
The limitations to which it is subject should, however, alwaj-s be 
kept in mind. Since the determination of difference in elevation 
depends on differences of atmospheric pressure, the apparent differ- 
ence between two points may be increased or decreased by changes in 
the general barometric pressure of the region taking place during the 
interval between the taking of the observations. The time interval 
between readings should therefore be as short as practicable. The 
aneroid should be used differentially only and its readings should 
he checked by reference to known elevations whenever opportu- 
nity is afforded during the day as well as at the beginning and end 
of each day's work, tt henever checked by comparison with a known 
elevation the movable circular scale should be turned so that the 
needle is opposite the correct point on the scale. The elevations 
should then be read direct from the scale tn feet. If no check 
can be made for several hours and if when checked the reading 
ia found to be too high or low by more than a contour interval, the 
error may be distributed backward over the readings in proportion to 
the intervals of time between them, or, in case of a traverse, in pro- 
portion to the distance. 

The uncertainty of the aneroid is greatly increased in unsettled 
weather, when barometric changes are rapid, and it is practically 
useless immediately before and after a thunderstorm. 

On account of the delicate mechanism employed to magnify the 
slight expansion and contraction of the vacuum box and transmit it 
to the index needle, aneroids are easily injured and must be pro- 
tected from any sudden jar. They should be carried preferably in a 
closely fitting vest or shirt pocket, secured by a string, or in a case 
lastened by a close loop to the belt. They should never be carried bj' 
a strap over the shoulder — particularly on horseback — or loose in the 
coat pocket or collecting bag. 
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3. Hand level. — Small differencea of elevation which must be deter- 
mined with considerable accuracy, as for obtaining thicknesa of beds, 
should generally be measured with Bome form of hand level. The 
Locke level is eimpleat in construction an J most convenient to cany 
and will serve ordinary purposes. The Abney level is likewise 
serviceable and may be used also to measure vertical aisles. The 
Brunlon compass may be used as a hand level and if so used it will 
be unnecessary to carry a level in addition. In case a large amount 
of hand leveling is to be dune and the slopes are gentle, as on roads, 
the telescopic hand level is the best instrument to use. 

The distance to the observer's eye above the ground should be 
determined to the nearest tenth of a foot. The best results ate 
obtained on a moderately steep slope, eo that the point determined 
on a level with the eye may not be too distant for easy identification 
when it is reached. On a very steep slope elevations may be deter- 
mined with a fair d^ree of accuracy without an instrument, by 
estimating the horizontal point with the eye. 

It sometimes becomes necessary to determine differences in eleva- 
tion where the ordinary method of using the hand level by sighting to 
the ground ahead is not applicable, as where the slope is gentle and 
covered with tall grass or brush so that the groun i can not be seen. 
Under such circumstances the assistance of a rodman is necessary. 
If sights of 200 feet or more are to be taken the hand level may be 
fastened across the end of a stick of convenient length — about 5 feet — 
and BO held much steadier than without such a support. The Abney 
level is suf^licd with a rod socket [or this purpose. A rod may be 
made from a light, straight pole. 10 feet long, the enl of a rule held 
against it being useJ as a target. Fore sights and back sights are 
made and recorded as when using tlie wye level, but the height of the 



4. Wye level.— It sometimes becomes necessary to determine ele- 
vations more accurately than can be done by the methods described 
above. This is the case, for example, where the minor structures 
are being worked out in an oil field ani theelevationof outcrops or of 
well heads must be known within a foot or two. Under such condi- 
tions flyi:^ levels are run with a wye level from the nearest bench 
mark. This work is slow and expensive aud should therefore be 
confine.l to the absolutely necessary locations and used only where 
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tliere is a good topogi^hic baae available, A special notebook 
adapted for both level and geologic notes baa been deaigned by 
M. J. MuBn and should be used where much of this work is done. 

5. TeUgcope itdth vertictd arcle.— In caoe the stadia method is 
employed for measuiiug distances, either with a transit or with a 
telescopic alidade, elevations will at the same time be obtained by 
means of vertical angles. Tables for obtaining elevations from stadia 
readings are given in "Geographic Tables and Formulas," pub- 
lished by the Survey, The use of this instrument in geolc^c work, 
however, will be exceptional and before attempting to use it the 
geologist should acquire experience under a competent instructor. 

Determination of Thickneaa of Beds, 

1. In the study of areal, Btratigraphic, and structural geology, the 
thickness of beds must be determined at many points. The char- 
acter of the topt^aphy and the outcrops and inclination of the beds 
will determine the method employed. 

2. The simplest case is where the beds are approximately hori- 
zontal and the slopes are steep. Under such conditions it is nec- 
essary only to measure the vertical distances between upper and 
lower limits of the Btratigraphic units by aneroid, hand level, or wye 
level, depending on the degree of accuracy required. It the slope 
on which the section is made is very steep — 30° or more — dips ot 3° 
or less may be neglected. 

3. If the beds dip, three factors must be determined — (a) dip 
angle, (6) slope angle, and (e) distance across the beds normal to the 
strike; and three cases occur — (a) with surface horizontal, (6) with 
surface sloping and beds dipping into the slope, and (c) with surface 
sloping and beds dipping with the slope. These three cases are 
shown in fig. 1, from which it is seen that — 

(a) IhiekoBsa otbeda A— S-aB—ABx^aBAa. 

(b) Tbic^kneia<lIbeisB—C-bC-BCXa\n iCSe+iBH). 
(t) Thlotaiasfl ot beds C—D-cD- CKXsUi (JCc-ftD). 

The dip angle (BAa=eBb=/Cc) is measured directly with the 
clinometer; the slope angles (_CBe Mid /CD) are either measured 
directly or obtained from the difference in elevation, which is the 
slope distance into the sine of the slope angle. 

44014—08 3 ^ , 
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To facilitate calculationa a table of natural sines and tai^nts is 
given on page 43. 

4. With increasing dip the horizontal measurement becomes rela- 
tively more important than the vertical, and where the dip becomes 
approximately 90° the difference in elevation between limits of the 
beds may be neglected and the true thickneea will be represented 
by the horizontal distance meaaured at right angles to the strike of 
the beds. 

'- 5, A convenient method of determining the thickness ot beds 
without calculation, when the angle of dip and horizontal distance 
across the outcrop normal to the strike are known, is by the use of 
the dii^ram shown in fig. 2. The horizontal rulings correspond 
to degrees. . Any convenient scale may be adapted for the spaces 



FiQ. 1.— DiagrajQ illuBtratlng 

methoiJ. 

between vertical rulings, as 1, 10, 50, or 100 feet. To determine the 
thickness of beds, find the horizontal line corresponding to the dip 
angle and follow it to the right for a distance corresponding to the 
measured distance across the outcrop on the scale selected. If this 
distance coincides with a curved line the latter is followed to the top 
of the diagram, where the thickness is determined directly by the 
distance between it and the left mai^n, the same scale being used. 
If the point tallfl between two curved lines, the measurement ia 
made to a point at the top of the dif^ram having the same relation 
to these lines. 

6. A convenient method for the direct measurement of thickness 
in mnlring detailed sections, particularly on steep slopes or with 
steeply dipping beds and where exposures are nearly continuous, is 
as tbllowB. To the upper end of a rod of convenient length — 5 feet 
ia about r^ht for a man of ordinary height — is fastened a short arm to 
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form & right-angled T. A zigiag jointed 5-Ioot rule may be used 
instead of the rod. In addition to the rod either (a) a hinged clinom- 
eter with level on one ann, or (6) an Abney level, or (e) a Bninton 



Fia. 2.— Diagram; UluBtratlng deteimJnatloa at tliicknesa ol beda bj grapbia 
method. 

compass is used. The dip of the beds is determined and if a clinom- 
eter is used the anna are opened so that the angle between them is 
equal to the dip angle. If then the lower limb of the clinometer is 
held firmly on the top of the T rod and the rod is inclined until the 
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upper limb is horizontal, the lower limb will be in the plane of bed- 
ding projected upward toward the observer. By sighting down this 
limb the bed in whoae plane it lies is determined and the beds be- 
tween thia plane and the foot of the rod have a thickness equal to 
its length. The foot of the rod is now moved up to this bed and 
again brought into position so that the upper limb of the clinomet^ 
is horizontal and the rod is at right angles to the bedding, and a new 
point isobtainedbysightingdownthelower limb. Count is kept of the 
unit thickneHBee and the total thickness between determined limits 
is obtained with no calculation except a multiplication of the length 
of the rod into the number of ai^ta taken. The method is very 
etmilar to the use of the hand level for obtaiEung elevations, and 
becomes identical with it when the dip becomes zero. 

When the Abney level or the Brunton compass is used the method 
is the same except that the vernier arm carrying the level is aet at a 
point on the divided circle corresponding to the dip angle. 

7. Where suriace exposures are nearly or quite continuous, so that it 
is not necessary to follow stream channels, and where dips are steep 
and variable, sections should be measured as nearly as possible at right 
angles to the strike. In order to get the best exposures it is generally 
necessary to make occBBional offsets along the strike, following some 
easilyidentifiable bed or contact. Meafiurementaalongthe strike need 
not be made with the same d^ree of accuracy as those normal to the 
strike. The notes of such a traverse may conveniently be kept in 
tabular form, a page of the notebook being ruled into columns for (1) 
number of the station, (2) character of rocks, (3) distance (measured 
on the dope), (4) slope angle (U when the slope is up in the direction 
of traverse and D when it is down), (5) altitude {or elevation with 
reference to any assumed datum), (6) dip angle (F when the dip is 
in the direction of the traverse and B when the reverse), (7) strike, 
and (S) thickness. Ail columns except the last should be filled as 
the traverae proceeds, and where direct measurements can be made 
the thickness should be recorded also. Columns 3 to 6 contain the 
necessary data for computing thicknesaeB by the methods given 
above, if they can not be measured directly. 

In case it is necessary to make surface measurements diagonally 
aeron the strike, the distance normal to the strike is determined by 
the solution of a right-angled triui^e, the line traversed being the 
hypothenuae (A) and the angle wiich this line makes with the strike 
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being an adjacent angle (c). The side (£) opposite this known an^e 
will be the distance on the slope normal to the etrike-— that is, B= 



8. In making sections of steeply inclined and poody exposed 
bedb, the observed dips at the nearest exposures oCten showwidft 
vamtioD. A convenient method of obtaining approximate thick- 
nesses under such conditions ie as follows: Ueaeure horizontal 
didancee as nearly ob poagible at right angles to the strike, locating 
and meaauiing as many dips as possible. Construct a normal 
profile to scale and plot upon it all dips projected in their proper 
horizontal relations, as in fig. 3. Extend the dips in straight linea 
above and below the profile. At the intersection of each dip Una 
with the surface profile draw a line at right angles and extendit until 




it intersects the dip lines on either side. The thickness of the beda 
between any two obBerved eiposnres, as A and B, will be equal to 
one-half the simi of the lines intersected between the dip Unee above 

and below the profile — that Is, — -. This value can be scaled 

2 
oS directly from the diagram. The construction is baaed on the 
assumption that the dip varies uniformly from A to B, which may 
or may not be the case. Moreover, the results are too iMge if the ob- 
served dips are at different elevations and converge downward, and 
they are too small if they divei^e. Thus in the section represented 
by fig. 3 the thicknesses will be approximately correct from A to E, 
too email from EtoF, and too large from F txi G. The method ie 
applicable therefore only where the profile is approximately horizon- 
tal and should he employed only where the exposures are wA auffir 
dent ior more accurate measurement. C i(H)^lc 
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Setennmation of Depth of Beds. 

1. It is frequently seceesary to determine in tlie field the depth of 
a particular bed or horizon at a dietance from its outcrop, or t« deter- 
mine the distance from, the outcrop at which a coal bed or oil sand 
reaches a given depth. The problem may be solved by graphic 
or trigonometric methods. 

2. The graphic method involvee the construction of a section at 
i%ht angles to the strike. Dips are plotted on the profile drewnto 
scale and showing the thicknesses of intervenii^ beds ae deter- 
mined by the methods given in paragraphs 1 to 8, above. The 
depth of a bed at ajiy point, or the distance from the outcrop at 
which any bed reaches a given depth, can then be scaled oft directly 
from the section. 




Flo. 4.— Diagram lllnstratliig ddcimiDatloa of depth of beds b; triganometifo 



8. By the trigonometric method three cases occur — (1) where 
the surface below which the depth is to be determined is horizontal, 
(2) where the surface slopes and the beds dip into the slope, and (3) 
where the surface slopes and the beds dip with the slope. The three 
cases are shown in fig. 4, from which it is seen that — 

(i) Depth ol bed Aa i 

(2) Depth ol bed Sbf 

(3) Depth olbad Cc at B-Dc-—^-^! 
and depth ol bod .io" at D-Da"-Ba+ 
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In this figure AS, BC, and CD are the surface distances normttl 
to the Btrike of the beds; BAa, eBb, and fCe are the dip angles; 
CBb is the sum and DCe ia the diSerence of dip and elope angles. 

4 . For convenience in detenninationa where the surface ia approxi- 
mately horizontal, a table giving depths of a bed for various angles 
of dip and distances from outcrop is inserted on pt^44. Where the 
slope is gentle and great accuracy is not required this table may be 
used by adding to the depths given the difference in elevation be- 
tween the outcrop and the point at which the depth is desired — 
the difference in elevation being positive when this point is higher 
than the outcrop and negative when it is lower. The eitors will 
generally be well within the limits of accuracy of measurement, 
and the toimulte given above need not be employed except with 
steep slopes. 

Determinatioii of Faults. 

1. Where exposures are sufficiently abundant the facts necessary 
for the determination of the direction and extent of a displacement, 
particularly if it ia relatively amall in amount, may be observed 
directly. As a rule, however, the dip of the fault plane and the di- 
rection and amount of displacement must be inferred from a number 
of obaervations at different localities. Field observations should be 
made with especial care and completeness in the vicinity of faults, 
for it is here that the unexpected is always apt to occur. 

2. Dip of fault plane. — It often happens that the contact of rocks 
on opposite sides of a fault plane can not be seen at any point, al- 
though the fault may be traced for many miles. To afford data for 
determination of the dip, as many points as possible on the hult 
should be accurately located both horizontally and vertically. The 
points should be selected so that the horizontal distances will be as 
small and the vertical as large as possible. Three points properly 
selected and accurately located will give better results than a larger 
number less carefully chosen and determined. Tbe best locations 
are at the bottom of a valley transverse to the fault and on the hills 
on either side. The three points fix the position of the fault plane, 
and its dip or the angle it makes with the horizontal may be deter- 
mined by construction or trigonometric methods. The trigonometric 
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method involvee the solution of a, number of trianglee and the extisc- 
tion of squiire roota. Its practical application, therefore, neceeeitatca 
the use of It^arithmic tables, wliicli are Dot generally accessible in 
the field. The method by conBtruction ia relatively simple and 
requires only a, protractor, dividers, and scale. This method is illus- 
tiated in fig. 5 and is as follows: 

Let the three points in the fault plane he A,B, »ad C. Let Cba 
the lowest and B the highest, the diSerences in elcvatbn having 
been det«nnined. The horizontal or slope distances from Cto^and 




F:o. S.— Dlagrarn illustrating det«iiDlaatlon of dip of t&ult plans. 



B and the azimuth of the lines connecting them have also been de- 
termined. Lay off with the protractor the lines CA and CB, in 
proper azimuth on the scale adopted. If these lines represent slope 
distances project the points A and S upon the horizontal plane paea- 
ing through C, as follows' Construct a r^ht triangle (BCI/) with 
CB as the hypothenuse and the difference in elevation between C 
and B as the perpendicular. Lay of! on CB a distance equal to the 
base of this right triangle— that is, Cb=Cb'. Determine the point a 
om CA in like manner. Draw a line through a and b and extend it 
beyond a. The triai^le aCb is the horizontal projection of the pw- 
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tion of the incliaed plaite included by Hxe liBee conaecting A, B, 
uid C. If the disUnces between C and A and B are horizontal dia- 
taaces Que projection is not necesaary, since the trian^e can be 
drawn at once— in the horizontal plane — &nd the line completing 
the triangle will be drawn through A and B. 

At a and 6 erect perpendiculare equal respectively to Aa' and Bb', 
and draw a line through their extremities to its intersection with 
the line 6a extended at 0. This point of intersection will be in the 
horizontal plane and also in the inclined plane. Since C also is Ib 
the same horizontal plane and in the inclined plane, a line connect- 
ing and C will be the intersection of these two planes and hence 
theitnteline. From the horizontal projection of either of the points, 
ae 6, let fall a perpendicular to J) on this atrike line OC extended. 
From b draw bd perpendicular to bD and equal to Bb", the diSerence 
in elevation between C and B. Connect its extremity with D and 
ihe angle bDd will be the angle sought, the inclination of the fault 
plane to the horizontal. 

Unlesa the field measurementfi have been made with exceptional 
accuracy the error in the above solution will come well within the 
limit of error of observation. 

Thu method is of course applicable in the determination of strike 
and dip of any inclined plane in which the relative position of tbree 
points is known. Thus it will be found useful in determining the 
strike and dip of a bed which is intersected by drill holes or which, 
from the nature of its exposures, does not admit of direct measure- 
ment. 

3. Angle of inteneetion mth obliqjie verHeal plane. — It frequently 
becomes neceaaary to determine the angle of intersection of a fault 
(or other inclined plane) with a vertical plane oblique to the strike 
d the fault. 

The trigonometric solution may be used when tables of natural or 
logarithmic functions are at hand. Let m be the angle of dip of the 
inclined plane and n the angle between the strike of the inclined 
plane and the vertical plane. To find x, the angle which the line 
of intersection of the two planes makes with the horizontal, tan 
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The problem may be solved by consCniction as follows: Let AK, 
fig. 6, be the ikzimiitb. of the vertical plane; draw AL so that the 
angle KAL^n^tix^ angle made by the strike of tlie indined plane 
and the azimuth of the vertical plane. Take any point (C) on AL 
and erect a perpendicular CB. With Cfi as a baee ( 




right triai^le with the angle jBCD=in=the angle of dip of the 
inclined plane. Draw Biy=BD and at right anglea to AB. Con- 
nect A and ly. The angle BAD'=x will be the ai^Ie Bought, 
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Tables and Fonnnlas. 




Fio. 0.— Oblique triangle. 
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Field NoteB. 

The recording of obaervsitions is a. mechanical process aa compared 
to nmViTig them and hence is a more suitable Bubject for inetruc- 
tiona. The fact that it is a mechanical process, however, does not 
detract from its importance, for no matter how carefully the observa- 
tion ie made it has little value unless it ie recorded so that it can 
be used. The form of the record must vary widely and the one or 
combination beet suited to the particular case should be selected. 



1. All notes must be legible not only to the person who makes 
them, but to anyone else, and that without undue effort in decipher- 
ing them. A reasonably clear handwriting is therefore essential 
and no field geologist can afford to use an illegible scrawl. If abbre- 
viations are used they must be unambiguous and such as will be 
readily understood without a key~e. g., sandstone, ss; limestone, 
li or la; quartz, qtz; quartzite, qzt; etc. 

2. Notes must be definitely localized and connected with a map. 
The exact system of reference employed is not important, provided 
it is simple, unambiguous, and consistently used. The locality 
at which an observation is made or a specimen taken should be 
marked on the map by a amall cross or dot, or in case of a section 
by a tine connecting two cfoases or dots, with a reference which may 
be (a) number and page of notebook, (6) a date with letter indi- 
cating separate notes tor that day (8-7-13-E), or (c) any combina- 
tion of numbers and letters which will serve to connect the point 
on the map with the written note and enable either to be found 
readily from the other. 

If the geology is so complex that a lai^ number of observations 
must be made within a small area and the reference numbers would 
become confused, some system of coordinates may be used, viz: 

(a) The atlae sheet is dissected on meridians and parallels — IV 
each way if the scale is 1: 125,000 and 5' if it is 1: 62,S00; the sections 
are numbered and pasted on a page of a notebook with quadrille 
rilling to sixths of an inch; the rulii^ about the margin of the map 
&re continued across it both vertically and horizontally; letters are 
placed across the top and nombers down the nde. A dot is placed 
on the map at the point of observation and the notebook reference 
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will consiet of an- abbreviation of the quadrar^le name, the number 
of the section of the atlas aheet, and a coordinate letter and num- 
ber — e. g., Ro-3~B13. If several points fall in the same square 
they may be distin^ished by letters indicating the quarter, as 
NW,, NB., etc. 

(6) The atlaa sheet is dissected and pasted in the notebook as 
above. Each section is subdivided on meridians and parallels 
into 25 quadrangular areas, 1' or 2' each way, depending on the 
scale, and each of these into S quadrangular areas. The last sub- 
division need not actually be made on the map, as the position of 
a point within the 1' or 2' areas can be estimated. The method of 
subdivision and numbering is shown on the accompanying diagram 
(fig. 10). With this system a notebook reference would consist of 
an abbreviation of the quadrangle name and the numbers of the 
successively smaller subdivisions — e, g., Ro2-36-6. 

In case the writing of specimen numbers would confuse the map 
if placed on its face a convenient method of location is to make a 
pin hole through the map and write the number on the back of the 
notebook page on which it is mounted. 

When a topographic map is not available the deacriptionH of the 
locality should be sufficiently exact and complete to enable another 
observer to find the locality on the ground without difficulty. This 
of course makes it necessary for the observer to know exactly whero 
he is when he makes the observation. If he does not know, his first 
duty is to find out. 

3. Distances, thicknesses, and dimensions should be expressed in 
definite units derived from actual measurements or estimates — and 
the not«8 should state which — and not by means of indefinite or 
relative expressions aa a "short distance," "a considerable thick- 
ness," etc. Estimates should be accepted only where the object is 
inaccessible or where an error of 10 per cent or more is permissible, 

4. Written notes should be dated and ugned and should contain 
Bome information as to the conditions under which the observations 
weremade~e.g., from camp, with its location; en foot; from public 
stage; etc, 

5. Notes should be carefully classified under prominent headings 
to facilitate indexing. Clearness and ease of reference, clastdfication, 
and indexing are more important than economy of paper. Headings 
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may be Eidded later, to aave time in the field, but the habit of maJdiig 
them on the Bpot ia a good one. If a looae-leaf notebook b used, only 
one subject should be placed on a page, so that the leaves may be 
assembled and classified under various subjects and localities. In 
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710. 10.— Dlasiun iUuatratlag . 

this case the classiflcation need not be fixed at once and is always 

subject to change. - -i-IH ^ -i ---I 

6. The record of facts actually observed should be kept separate 

and distinct from coaclusione baaed on inference, hypotheses, and 
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theoriea, which, however, should not be omitted but written down 
as they occur in the field. They can easily be eliminated later 
when — aa will often be the case — they are proved incorrect. The 
clear-cut stateiueut of a hypothesie often initiates the eearch for 
additional data which may prove or disprove the hypotheeis. 

1. For field notes it ia generally deeirable to use a map enlai^d by 
photography to at least twice the scale of the engraved atlaa sheet. 
If necessary for cleameBH the drainage may be inked in blue. If 
specified on the requisition the phott^raphs can be toned to give 
brown instead of black lines, which adds materially to the legibility 
of the map and the added data. The paper used should be of the 
best quality as to toughness and texture for taking ink. Only water- 
proof inks should be used on maps either in the field or in the office. 

2. Boundaries of cartographic units must be placed on a map in the 
field. If by reason of inadequate exposures a boundary can not be 
accurately located on the ground, no amount of study in the office 
will increase the probability of correct location and the benefit of 
many significant facts of soil, topography, etc., will be loet. If a 
guess is the best that can be done, the best place to make the guess 
is on the ground. Obiened and inferred boundaries should be dis- 
criminated — as by solid and dotted lines — and a special symbol 
should be used for various classes— e. g., conformable contacts, sedi- 
mentary unconformities, faults, intrusive contacts, etc. The map 
should show the exact point at which the observation was made. 
It frequently happens that the cartographic units which are to 
appear on the published map are not determined until the wort is 
well advanced or until office determinations have been made. It ia 
highly desirable, therefore, to locate and place on the map in the 
field not only those boundaries which will certainly be used, but also 
those which may possibly be used. 

3. Structural data should be placed on the map in the field by 
means of suitable symbols showing dip and strike of beds, structure 
axis, dip of faults, etc. These symbols should indicate as nearly as 
poBwble the eitact locality at which the observation was made. 
They should show angles of dip by figures and should be sufficiently 
abundant to enable structure sections to be drawn wherever 
desirable. 
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. 4. Litholc^c and Btratigraphic data may generally be placed on 
the map in the field by means of abbreviationB. These, however, 
should always be supplemented by written notes and the exact 
locality at which detailed lithologic observations are made or 
sections measured and described should be indicated on the map 
by a reference number or letter connecting it directly with the 
record in the notebook. By the use of a hard pencil and with 
careful writing a surprisingly la^e amount of information can in 
this way he placed directly on the map. 

5. Localities at which collections of nicks, mineraia, fossils, etc. , 
are made should be indicated on the map; also generally points 
from which photographs are taken, with the direction of view 
indicBt«d. 

6. Economic data, such as locations of mines, quarries, gravel 
pits, undeveloped deposits, and prospect pits, should be placed 
directly on the map; also, unless the system is too e^Etensive and 
complicated, mills, breakers, ore roads, etc. 

7. Special care must be taken to secure neatness and accuracy 
in putting these data on the map. A soft or blunt pencil should 
never be used and unnecessary linee should not be drawn in advance 
of the determination of boundaries, or so that there will subse- 
quently be an uncertainty of several hundred feet in location. The 
use of colored pencils for drawing boundaries is sufficient evidence 
of inaccuracy to completely condemn a piece of geologic work- 
All lines determined by each member of the party should be inked 
on his own map and the lines determined by other members of the 
party should he transferred to it in pencil. 

8. In working an area for which there is a topographic map sev- 
eral copies should be kept in the stationery box and used for the 
compilation of various classes of data. This is especially necrasary 
where there we several peisone in the party. In case a photo- 
graphic enlai^ment is used for field notes, these compilation sheets 
should be the regular engraved base. As the work progresses and 
tentative cartographic units are decided on, boundaries should be 
transferred to an undiasected base map in ink and the areas of the 
various units colored. Pencils may be used for this purpose, or, 
preferably, transparent Japanese water colors. The latter ore 
recommended for field use on account of their convenience and the 
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eicellent results which they give. This map should always be 
brought up to date before moving camp or station. 

There should be a route map showing, by means of different- 
colored inks, the exact route followed by each member of the party 
each day; also location of camps or other stopping places and route 
of camp outEt. This sheet may also be utihzed as an index of col- 
lection and photograph localities. To another sheet should be 
transferred in ink all determined boundaries and the principal 
structural data. A third should show economic data, location of 
mineB. quarries, mills, industrial railroads, tramways, etc. If many 
topographic corrections and additions are foimd necessary, they 
should be carefully plotted on a separate sheet, in ink, for trans- 
mission to the top<^aphic branch. 

9. While the geologist should carefully avoid a hypercritical 
attitude toward the topographic maps, he should not« all eeeential 
omissions and errors and wherever practicable furnish data for 
makii^ corrections. Changes in culture, particularly roads, bridges, 
railroads, etc., should be accurately noted. When an enlai^ed 
phot(%raph is used in the field, allowance must be made for the 
difference in scale, particularly in criticising contour generaliza- 
tions. The map may be entirely adequate for the engraved scale 
and yet open to criticism if judged on an enlaigement for which 



1. Sketches. — As written notes are intended both to record facts 
and relations and to present a word picture of the things observed, 
they can generally i>e supplemented with great advantage by 
sketches and diagrams. A simple sketch is frequently the most 
satisfactory record of complex relations, particularly where the 
elements are on a small scale so that their relations can be brought 
together in a single view. Such a sketch generally requires less 
time than a complete written description and makes definite the 
relations which written notes can only vaguely express; moreover, 
its constniction will frequently call attention to important points 
which might otherwise be overiookod. The habit of making numer- 
ous sketches is therefore one which every field geologist should 
acquire and constantly practice. It is not necessary that they 
should possess artistic merit, but merely that they should be clew 
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find fftithful to the facts. They cite esEential in connectioii with 
obaervations on ore deposite, details of contacts, unconformltiee, 
minor Btructurea, etc. The broader relations of stnictiire to relief 
Cftn alao be broiight out by HketcheB, but, unfortunately, more skill 
ia required for this than the ordinary geolc^at xK>sBeBaeH. 

For geolc^c purposes sketches may be classed as plarte or pertpec- 
tive. Plane eketches or diagrams are those in which relations of two 
dimensiona only are repreflented. They are sketch maps, outlines, 
profiles, and HectionB. The method doea not differ materially from 
mapping. The outline or surface to be sketched ia examined for 
salient points. The relations of these among themaelvea are noted 
to give control. Details are then filled in according to the com- 
plexity of the subject and the skill of the dtaftamaa. In securing 
the control directions should be compared with the vertical oi hori- 
zontal, and should be estimated or proportionately measured by 
scalii^ on a pencil held at arm's length. To fill in the work, 
the aketcher traverses or meanders the outlines with the eye and 
plots the traverse between control points by hand. The beat 
practice is to keep the eye most of the time on the object and to 
train the hand to follow with only occaaional guiding glances at the 
paper. The number of lines should be the least that will expreaa 
the relations. 

Perspective sketching is like plane aketching, except that the 
objects drawn must be projected into one plane from their relative 
positions in three dimensions. An im^nary surface is assumed 
(the ground glass of the viaual camera, as it were) and the control 
and traversing are executed as if the objects were all seen through 
that auriace and thus obaerved on it. In order to express greater or 
leas distance, relative size, amount of detail, distinctness of Line, 
density of shadow, etc., are considered. 

2. Photographi. — The use of the camera has become so common 
that it has to a lai^ extent displaced aketching by geolc^ists. While 
a photi^raph ia valuable as a record of facts and relatione, it should 
be remembered that the camera shows no discrimination and can not 
select and separate the important from the unimportant. It is, 
therefore, unless conditions are exceptionally favorable, generally 
less satisfactory and convincing than a sketch. Moreover, it is a 
mistake to suppose that effective photography requires less skill 
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than good sketching. The operator needs to know the limilAtione 
of his lens, his plate, and his subject in order to judge the value of 
a picture before taking it. For it ia not enough to take a picture. 
There should be aa obvious feature or features related to the object 
of Btudy and of mich a character as to be clearly recognized in the 
phot<^raph. That which is plain to the narrow vision of well- 
directed observation may become an insignificant detail through a 
wide-angle lens. That which is distinct through differences of color 
may be obscure in colorless light and shadow. Thus photc^raphy 
requires care and judgment, and these qualities are the more im- 
portant because every expoeure entails future expense for developing, 
printing, cataloguing, and filing. 

In the use of the camera in the field two purposes should be kept 
in mind — to secure (a) an accurate record of tacts— in other words, 
graphic notes— and (6) material for illustration of reports. For the 
first purpose, since the photographs are primarily for the geologist 
himself, attention should be given to bringing out the particular 
facts and relations desired in order to supplement the written notes, 
and the photographs should in turn be supplemented by written 
notes and sketches. For the second purpose attention should also 
be given to "composition" and the possibilities of reproduction. 
The reader who sees the result may be entirely unfamiliar with the 
legion described, and the view should so far as possible set the main 
features clearly before him. 

A critical examination of Survey photc^raphs for the selection t£ 
views illustrating geol<^c and physiographic types has brou^t out 
the fact that in most cases not sufficient care has been exercised In 
selecting the point of view. This care should be proportionate to 
the interest of the subject. Important adjuncts, the explanatory 
settings of a picture, are often lost through being too near to the 
object and desirable detaD through being too far away from it. If a 
conv^ible lens is used, the combination should be employed which 
is best adapted to secure a complete view with the most detail. 

TRAVERSE NOTBS. 

1. Exact location, both horizontal and vertical, is eesential in 
nearly all forms of geologic field work. If this is not furnished by a 
topt^raphic map it must bo supplied by the geolc^ist himaelf through 
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some form of a traverse. Even the b^ topographic mapa will show 
some areas in which location is impossible without traverse. The 
method of makii^ a traverse should therefore be familiar to all field 
geologiste. 

2. Notebook traverse, — The general diroctioa of the proposed 
traverse having been determined, select a point on the edge of the 
notebook page so that this direction will pass through its center. If 
the point of starting is identifiable on the map, indicate it there by 
a Biiilable reference number; take a compass sight to some object 
in the direction to be traversed and lay this down on the notebook 
pt^ with a protector; measure the distance by pacing or otherwise 
to the object sighted and lay ofE this distance on the scale selected; 
from this new point take a second compass sight, lay it oS with the 
protractor, and proceed as before. Relief adjacent to the line of 
traverse should be indicated by sketch contours with sufficient care 
to give a general idea of its character and both drainage and culture 
should be indicated. These features should be given with sufficient 
accuracy to check the topographic map, or in the absence of a map 
to supply ila place. The larger scale permits fuller geologic notes 
to be written on a notebook traverse than on a topographic map. 
The scale selected should be such as to give a simple relation between 
the pace or other unit of distance and the notebook ruling — a con- 
venient scale is 40 foui-step units to one square (one-sixth or one- 
fifth inch). The scale used should be noted on each pa^ containing 
the whole or part of a traverse, and particularly the equivalent in 
feet and inches of the unit employed. 

3. Sketching-ease Iraverie, — For rapid traverses where greater ac- 
curacy is required than the notebook method permits, the use of a 
Bketchin^ case may be found advantageous. This instrument, as 
modified by Glenn S. Smith, is shown in ^. 11. It consists essen- 
tially of a small board S by 12 inches in size provided with a roller 
at each end carrying a long strip of transparent paper. A compass 
box cajTying a 3-inch floatii^ card graduated to Z6CP and furnished 
with rifle sights is attached to one comer. Under the paper is a 
circular plate which can be rotated and moved laterally across the 
board and on which is attached a card 6 inches in diameter con- 
taining a combined protractor and scale. The protractor is grad- 
uated to degrees and numbered from 1 to 360. A radius extends 
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from the center to each d^ree and these cue divided into equal 
partH by a »eriea of concentric circles, bo that any radiuo may be ueed 
Bfi a scale. Protractor cards are furnished suitably divided for any 
scale desired, as 1 to 45,000, 1 to 90,000, or tenths of an inch. 

To use the sketching case, attach the paper to the rollers, winding 
ail, except enough for fastening, on the upper roller. Determine 
the general direction of the traverse to be made, revolve the pro- 
tractor plate until the degree corresponding to this direction comee 
opposite the index line over the clamp screw, and clamp the plate 
in place. Draw a line on the paper through the zero and 180° points; 
this line will be the magnetic meridian. Move the protractor plate 
BO that its center is near the middle of the paper; the station occu- 
pied is indicated by a point over the center of the protractor; sight 
to the next station to be occupied and draw a line on the radius 
corresponding to the compass reading; measure the distance to this 
station and plot it by means of the scale on this radius; move the 
paper down until the point indicating the second station is opposite 
the center of the protractor, and move the protractor plate sideways 
until its center coincides with this point; sight to the next Station 
and to any points to be intersected and draw lines on the radii cor- 
responding to the compass readings. Relief, culture, and geologic 
data are recorded exactly as in a notebook or plane-table traverse. 

4. Map traveree. — In case an enlarged photograph of the base map 
is used in the field it is frequently desirable to secure accurate loca- 
tion by means of a traverse plotted directly on the map. If the mag- 
netic declination is more than 3° the magnetic meridians should be 
drawn on the map and used instead of the true meridians for plotting 
compass directions. More care is required in scaling distances than 
in making a notebook traverse on account of the smaller scale, but 
a decided advantage is gained in that the notes need not be trans- 
ferred. 

PLANE-TABLB NOIBS. 

1. While the plane table is primarily a topographic instrument, 
it is under some circumstances utilized in geologic ifork. In the 
absence of a topographic map or where topographic and geologic 
work are being carried on at the same time the plane-table method 
with or without supplementary notebook traverses may he adopted. 
It is much more accurate than the notebook traverse and hence 
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should be used for purposes of control even where the greats part 
of the work is done by more rapid but leae accurate methods. It is 
practically indispensable in case it becomes necessary to make a 

detailed topc^raphic map of a small area — for example, a small mining 
district. In such a distjict, where the geologic structure is apt to be 
exceptionally complex and a high degree of accuracy ia required, 
a plane table may be used with advantage, even with a good topo- 
graphic map. 

2. The geologist will rarely need to make use of the more elaborate 
forms of the instrument, such as the Johnson bead and telescopic 
alidade. The traverse plane table with open-e^ht alidade will 
answer all ordinary needs. This consists of a board about 15 inches 
square, into one edge of which is set a narrow box containing a compass 
needle. The table is supported by a light tripod and is leveled by 
means of the legs. A screw fastens the board to the tripod head and 
it is held in adjustment in azimuth by friction. The table is oriented 
by means of the compass needle ; that is, it is turned until the needle 
rests opposite the zero marks in the compass box and is thus always 
made parallel to ita former positions, provided the magnetic decli- 
nation remains constant. The alidade consists of a graduated brass 
ruler, 6 to X2 inches long, with folding sights. Ordinary drawing 
paper backed with cloth is used and is attached to the board by 
thumb tacks. 

3. In making a topographic map or a combined topographic and 
geologic map the following procedure is employed. The instrument 
is set up at the initial point, roughly leveled, and oriented. A point 
is marked on the paper to represent the initial station, the edge of 
the alidade is placed on it and pointed to the object selected as the 
second station, and a line is drawn in that diniction. Sights are also 
made and lines drawn in the direction of any prominent objects which 
it b desired to locate, such as rock outcrops, hilltops, buildings, etc. 
The instrument ia then taken to the station sighted, the distance 
being measured and noted, and is either set up at this second station 
or moved to a third station from which the second is visible. The 
distance from the first to the second station is laid off on the line con- 
necting the two, on the scale selected. This gives the point on the 
paper representing the position of the second station and may be 
occupied by setting up the instrument as at the initial point; or if 
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s moved to the third station, after orienting, the 
edge of the alidade ie placed on the second station point and sighted 
to that point. The line drawn will then connect the second and 
third station points and the position of the third is determined by 
laying ot£ the measured distance between them. From each elation 
occupied sights are made to objects to be located and intersectionB 
of the lines drawn from the various stations will give their locations. 
At leaet three intersections should be secured on each object. Ane- 
roid elevation ehoiild be noted at each station and at intermediate 
points when neceeaary. Drainage and culture should be sketched 
and all prominent geologic features located wbile the traverse is 
being run. The contours may be sketched at the same time or thia 
may be done subsequently by the same man, or one more experienced, 
after the traversing is completed . The geologic boundaries and other 
necessary geologic data may also be placed on the map during the 
traversing or after its completion. 

4. Supplementary notebook traverses in the area covered by the 
plane-table sheet should be transferred to that sheet in the field, in 
order to bring together geol<^c observations in their proper rela- 
tions during the progress of the work. 

6. The traverse method in plane-table work will be the one com- 
monly employed by the geologist, but under exceptional conditions 
it may be desirable to make all locations by intersection. This 
involves the measurement of a base line and the development of a 
aeries of triangles, full directions for which will be found in Bulletin 
No. 307 (Manual of topographic methods). 

6. In case a small area is being worked in detail, as a mining dis- 
trict, and a good topographic map is available, the plane table may 
be used with advantage for securing exact location on the map. 
For this purpoBB the map should be enlarged to a convenient seals 
by phoK^raphing if neceHsury and a mounted copy fastened to the 
board with thumb tacks, the magnetic meridian being placed exactly 
parallel to the edge of the board containing the compass box. If 
the angle of m^netic declination is large, it is necessary to place the 
sheet askew upon the board, a condition which reduces the size d 
the sheet that can be used and ia otherwise objectionable. To 
obviate this difficulty the map is tacked on the board with the true 
meridian parallel to its edge. (□) The compass box, instead of 
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being fastened rigidly to the board, is hilled at one end and the 
other end ia eupported by a graduated arm which pasBea under the 
board and on which it may be ewung out and clamped at an angle 
equal to the local magnetic declination; or (b) the magnetic meridian 
ia marked on the map and the board ia oriented by placing the 
edge of a box compass againat this line and turning the board until 
the needle stands at the north and south pointa on the circle. The 
orientation is effected more accurately and conveniently by the use 
of a epecial alidade devised by L. C. Graton and differing from the 
ordinary alidade in having a corapaae box, similar to the one ordi- 
narily attached to the plane table, set on the base, the eights folding 
down on one side of the box. The edge of this alidade is placed on 
the line marking the magnetic meridian and the board is turned 
until the needle rests at the zero points. The alidade is then used 
as the ordinary instrument. The advantages of this modification 
are that greater accuracy ia aecured by having a longer edge for 
adjustment to the meridian line than when the compass is used, and 
that time is saved by having one less instrument to handle. After 
the board ia oriented two or more points which lie within the mapped 
area and which can be identified on the map are selected. Sights 
are taken to these points and the intersection of the lines fixes the 
point at which the instrument is aet up. 



1. A convenient method of recording observations under epecial 
conditions has been devised by M. E. Campbell and used extensively 
in the Eastern and Central coal fielda. The conditiona for its uee 
are (a) approximately horizontal bedding— dipe less than 5°-'and (6) 
a good topographic baae map with numerous determined elevations. 
It is particularly useful where the strata consist of similar beds fre- 
quently repeated and poor in foesils, so that the exact stratigraphic 
position of a particular bed can not be determined by inspection 
alone, and where in addition the rocks are not well exposed. The 
method consists essentially in constructing a continuous sketch- 
profile section for all routes traversed, the geologic data being placed 
directly upon this profile by graphic conventions or, if written, re- 
ferred to it. 

2. A notebook havii^ pages 7) by 10 inches, with quadrille ruling 
to sixths of an inch (Form 9-889), is used. A convenient vertical 
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Bcale ifl selected — say 120 feet to the inch, or 20 feet to each square 
of the ruled page. No attempt is made to preserve uniformity in 
horizontal scale. 

3, The following ia the procedure. Begin at a point certainly 
identifiable on the map, aa a crosBroade or stream crossing. Place a 
reference on the map conaiating of the number of the notebook page 
used (numbers of left-hand pages are used for both left and right) 
and a letter indicating the number of the station— e. g,, 6a, Place 
the same letter at a point on the left-hand margin of the page in such 
a position that the highest point on the profile drawn to the scale 
selected will come below the upper edge of the page. The altitude 
of the starting point — determined directly from the map or from 
the aneroid previously set at the nearest bench mark — determines 
the position of the point between rulings and also the altitudes rep- 
resented by the rulings adjacent, several of which should be marked 
on the margin of the page. For example, if the elevation of the 
starting point is 8S6 feet, the ruling below it will be marked 860, the 
one above SSD, etc. Proceed from the starting point along any 
route which can be identified on the map as a road or trail to the 
first decided chai^ in slope, noting elevations of outcrops and con- 
tacts and of the second station. Plot the profile to this point, uaing 
the vertical scale selected and indicating by appropriate symbols 
and at their proper altitudes all exposures and contacts seen. Sym- 
bols for shale, sandstone, conglomerate, limeetone, coal, etc,, should 
be carefully selected and used consistently. Proceed to the nest 
decided change in slope and plot the profile and outcrops aa before. 
When a second point is reached which can be certainly identified 
on the map, place a new reference on the map at that point and a 
corresponding letter on the profile. In case the aneroid does not 
give sufficiently accurate results it should he supplemented by the 
hand level, 

4. Aa the work progresses, the positions of various outcrops of 
beds which have been recognized at several places should be con- 
nected, and these connecting lines will indicate the direction of 
dip and of structure ajes, though of course on a very much exag- 
gerated scale. They wiU also indicate the approximate position of 
important horizons, aa formation boundaries and coal beds, which 
may besonearly concealed that they would otherwise be overlooked. 
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5. As a finsi reeult the method yields a complete network of iatet- 
eecting profiles which enable the geologist to identify with certainty 
particular beds or horizona which have not sufficiently well maiked 
characteristics for identification by ordinary means. 

6, The profile notes require special treatment in the office to 
deduce from them the true Btructure, underground contours, and 
exact location of boundaries, but this matter need not be discussed 
here. In addition to the data shown graphically on the profile there 
should always be supplementary written notes, describing litho- 
logic character, nature of contacts, economic materials, etc. Theee 
notes are placed on any unused portion of the page and connected 
with the prohle by reference numbers. At the same time that the 
profiles are being constructed, fonnation boundaries, so far as they 
can be determined, should be placed on the map as when other 
methods are used. 

Land-OlatiBifioation StureyB, 

1. In regions which have been subdivided by the public-land 
system but not surveyed topc^raphicaUy or, if surveyed, in which 
land lines are not accurately shown on the topographic map, it may 
be necessary to make a combined geologic and topographic survey — 
particularly for the purpose of classifying the public lands as mineral 
and nonmineral. In such surveys the one abaolutely essential con- 
dition is that both topography and geoli^y ahall be tied to the land 
lines and mapped in their proper relations to the land subdi^isionB. 
To comply with this essential condition a sufficiently large propor- 
tion of the land comers must be actually found to give the necessary 
control — to enable the geologist to say with assurance in what town- 
ship, section, and forty any point on the ground is located. Such 
surveys therefore differ from the ordinary combined topographic 
and geologic surveys described on the foregoing pages in having a 
fixed horizontal control already established on the ground. 

2. All available information which will be of assistance in locating 
comers and adding horizontal and vertical control should be in hand 
before beginning work on any township. Much of this information 
can often be procured by correspondence before taking the field and 
later supplemented by personal visits to local land offices, county 
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surveyor's officea, etc. The moat important ie derived from (o) town- 
ship plats a,oA field notes of the or^nal land surveye, from the 
General I«nd Office, also brief descriptions of comers from records 
of Burveyon^neral; (b) maps and profiles of surveys for railroada, 
reservoire, canals, pipe lines, etc., obtained from the files of the Land 
Office and Reclamation Service or from railroad engineers; (c) county 
road maps, town plate, claim maps, prival« lanch maps, etc., which 
can usually be obtained from the county surveyor's office. 

3. Ait«r a Government comer on the township to be surveyed 
has been found and identified, additional comers sufficient to estab- 
lish control must be found. The method of marking comers given 
in the General Land Office "Manual of surveying," which can be 
secured from tlmt OfBce, should be thoroughly familiar to everyone 
working in a region of public-land surveys. 

4. In a thinly settled r^on the best method of finding comers is 
by traversing the township and section lines. If accurate sights are 
taken with the compass on a Jacob's staS or with the plane-table 
alidade and care is taken in pacing, the radius of the circle within 
which the next comer must be sought is bo reduced that if a comer 
was ever established in a proper manner the chances of finding it are 
good. Other methods of locating the point on the ground where the 
comer oi^bt to be found may be used, as by triangulation with 
plane table or by meander traverse, but these require more skill 
than aection-line traveraes and should be used only In exceptionally 
tough country or where the corners are conspicuously marked. 
Valuable information relative to the status of land comers in a given 
district can frequently be obtained from county surveyors. 

5. The greater part of the topographic sketching and determina- 
tion of geologic boundaries and stmcture can be done from the trav. 
ersea required in the location of corners, but additional locations 
of important topographic and geologic features should be made by 
traverse or intersection. Roads, trails, and streams can generally 
be sketched with sufficient accuracy from section lines, but if not, 
they should be traversed. It should be remembered that the unit 
of land classification is the sixteenth of a section — that is, a 40-acrd 
tract; it will therefore generally be esaential in coal-land surveys 
to traverse the principal coal outcrops and prospect them wherever 
neceaeary to determine their thickness. 
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6. Blank township plats ehould be used for all graphic notes, 
preferably those on the acale of 2 inchea to tte mile, thot^h half of 
this scale may be used if the geologist posseaBefl the neceasary drafting 
skill. The plats may be folded for use in a notebook or fastened 
on a plane table. The blank plata are ruled to correspond to a theo- 
retically perfect township, and do not provide for the irregularities 
made necessary by the adjustment of actual surveys along township 
exteriors and between surveys made at different times. These 
irr^ularities can be obtained from the original Land Office plats, 
a copy of which should be in hand, and should appear on the com- 
pleted plat; otherwise both topography and geolt^y will be dis- 
torted. Care should be exercised to see that the work done by 
different men is connected, any lack of perfect correspondence in 
topography or geology between townships or portions of townships 
being always adjusted before leaving the field. 

7. As in other kinds of surveys, special conditions will be met 
that will require more refined methods than those outlined above, 
as the stadia for making horizontal locations and the level for vertical 
control. The work then becomes primarily topographic and need 
not be considered here. 

8. In some cases it may be impossible to find any corners in one 
or several adjoining townships, either because they were not properly 
marked or for other reasons. The lands in such townships can not 
be finally classified until they have been resubdivided. While 
it may sometimes be necessary to continue work in them in order 
to trace formations, the necessity for subsequent adjustment of the 
geology and topography to the land lines should be kept in mind. 

9. Each township plat as completed in the field should show 
(a) legal des^nation; (6) name of the person or persons who did the 
work and the part for which each is responsible; (c) inclusive dates 
and number of days spent by each person; (d) magnetic declination 
to neatest degree; (e) by legend, all distinctive symbols used, con- 
tour interval, and geologic formations in proper sequence; (/) relief 
by means of contours; (g) drainage, perennial and intermittent, 
lakes, swamps, irrigation ditches, and playas; {h) culture — railroads, 
roads, trails, houses, etc.; (^) geologic boundaries, which must be 
put in carefully with hard pencil and then inked; (j) coal outcrops, 
shown by a continuous heavy inked line where seen and by a broken 
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line where ioferred; (jt) all found cornera (by special symbol) and 
all lines traversed; ({) location of lines along which profiles were 
made; (m) reference numbers to notebook for indicating location 
of observations recorded in written notes, specimens, fossU local- 

Minfl SurvejB. 

1. In the study of an ore deposit the first essential is to procure a 
map of the underground workings. If a mine map has been made , the 
officers of the company will nearly always permit the geologist to 
make a tracing. This may be done on tracing linen, but where the 
study is incident to other work and the geologist is not equipped 
with such drawing material, tissue paper may be used, or even, if this 
isnot at hand, ordinary wrapping paper, the mine map being pinned 
below the paper and traced on a windowpane or show case. It wiU 
frequently be convenient to reduce the mine maps by pantagiaph 
or a slower mettodof squares. If there is no map available the 
geologist should make a traverse survey on a suitable scale, say 50 or 
100 feet to the inch. The ordinary notebook with coordinate ruling 
spaced ten lines to the inch is very convenient, and the method will 
be a modification of the notebook traverse already described. If 
there is a long, crooked adit driven through barren ground to the ore 
body it may not be necessary to survey all of it, but the survey should 
then be connected with the surface through some air shaft or other 
opening. 

2. The Brunton compass is best adapted to undei^round work, but 
theGurleyor any other compass without a mirror may be used. Satis- 
factory results may be had when the compass is held in the hand , but a 
traverse plane table will be found useful in mines where there ate not 
toomanyabandonedladderstoclimb. Itfrequentlyhappensthat the 
geologist must explore a mine without an assistant or companion. In 
thia case he will find it convenient to save the ends of his candles to 
use as station signals. 

3. In making a traverse survey of a mine, the geologist enters the 
tunnel or other openii^ and paces as far as he can go and still see 
daylight. He then sights back to daylight and with a protractor plots 
his course in a notebook. He leaves a lighted candle at this point 
and then paces as far as he can go and still see the candle. The 
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second course is plotted in the notebook, joining the course from day- 
light to the first canille. Thie is repeated until the entire level ia 
mapped, the etationa being placed wherever there is a turn BUfflcient 
to obscure the light ia the portion already surveyed. The other 
levels are worked out iu a similar maimer. Shafts, raises, and 
wiuzee that connect the different levels should be properly located, 
for by means of these the position of the workings above or below the 
levels being surveyed is ascertained. The vertical distance between 
the levels is obtained by counting the rounds of vertical ladders or by 
eoundii^ with a tape or cord. It is difficult to represent irregular 
etopes with precise accuracy, but it is not usually necessary. It is 
sometimes UDDeceseary to map all portions of the mine, but the work- 
ings in the vicinity of the ore bodies should always be plotted. Even 
those who have had long experience underground can not hold dis- 
tances and position in the mind with sufficient accuracy to write a 
satisfactory description. At critical placps greater accuracy may be 
desired and a tape should be used instead of pacing. When an 
ssBistant is not available the geologist should be provided with a few 
small naUs for securing one end of the tape. 

4, In the study of contact-metamorphic deposits it frequently 
happens that there is a local attraction of the needle due to the 
presence of magnetic iron. Under such conditions euiSciently 
accurate work may be done with the plane table and alidade (or with 
the Gurley compass, used as an alidade) as follows: Set up the plane 
table at the portal of the adit and orient it by sighting to some known 
point; then pace the adit as far as possible without losing sight of the 
plane table and at this point place a lighted candle; then go back to 
the table, sight at the candle and measure off the distance on a suit- 
able scale; stick a needle in the board at this point, which is the 
location of the candle on the paper; also stick a needle in the board 
at the initial point, which represents the position of the plane table; 
on the ground, mark the position of the center of the table and remove 
it to the place where the candle was stationed. Place tho edge of ths 
alidade against the two needles and orient the table by revolving the 
top until the sights are in line with the marker at the initial point. 
Mark a third station by a candle, then sight to and locate it. In this 
manner the survey of the level is carried to its completion, the 
orientation beii% obtained by backsights to a candle at the station 
last occupied. If the opening is a shaft instead of an adit, the poei- 
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tions of the shaft timbers may be accurately IcKrated and the « 
iog line ueed as a base line. If the shaft is far out of plumb and there 
is only one opening, two weights may be swung in the shaft and a 
line connecting them used ae & base. These methods have an addi- 
tional advantage for the geologist who is doing surface work with the 
plane table and pocket alidade and who wiehes to make an under- 
ground survey of approximate accuracy without a compass or pro- 

5. The geology is plotted on the level maps just as it would be done 
on the surface, and the vertical workinga are studied as far as poaeible. 
It is convenient to use colored pencils for the different formatione. 
The ore which remains ia usually indicated by a red color, filled in 
solid. Cross lining in the eome color is used for ore which has been 
sloped out. If the value of the ore in different places in the lode is 
known, this also is noted on the map, with any data conceraii^ the 
character and position of the minerals which compose the ore. Every 
fissure, fault, or slickeneided surface should be plotted on the level 
map and the angle and direction of dip should be noted. Conspicu- 
ous jointing or bedding planes should also be recorded. As fcr as 
possible all the data should be recorded on the map, for this eaves 
time when working on notes and collections. References, either 
letters or numbeiB, should be used to give the exact location of 
observations more fully recorded in the notebook. 

6. The wall rock should be studied carefully and numerous speci- 
menn collected. The minerals formed should be noted, for it often 
happens that the chemical com position of the solutions that deposited 
the ore and the physical conditions under which it was deposited 
may l>e ascertained by such study. For the purpose of comparison 
it is advisable to collect specimens of the fresh country rock some dis- 
tance away from the lode. 

7. After the level maps are completed and before the geologist 
leaves the camp he should draw his cross sections through the mine. 
These should be selected to show as much as possible of the geologic 
structure and the relations of the ore bodies to the structure. After 
this has been done it is a useful practice to summarize briefly the 
geologic history of the area, with special reference to the deposition 
of the ore. This should be done before leaving the field, so that the 
mine may be revisited if necessary. A few hours' work In the eveh- 

44014—08 5 ,o|,. 
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ii^, when the mmd is on the problem and the observatioos are freah, 
may be worth more than a week's work in the ofHce. It ia not always 
poBBihle to form definite conclusionB respecting the source of the Bolu- 
tions which deposited the ore, and this is especially true for minor 
occurrences of ore in a country not eTteuBively developed. State- 
ments of observed facta should be kept free from speculations r^ard- 
iug.the genesis of the ore, though the evidence bearii^ on the lattet 
problem may be summarized in the field with advantage. Some 
suggestions are given in connection with the schedule on page 125, 
which may quicken the observation of the field geologist not familiar 
with this kind of work. 

Oollections. 
1. Purpose. — The law creatii^ the Survey provides that all collec- 
tions of the Survey, "when no longer needed for investigations in 
progress, shall be deposited in the National Museum." This pn> 
vision was plainly intended to avoid the building up of a great per- 
manent collection, which would duplicate in lai^e degree the geo- 
logic collections of the Museum, and also to insure the preservation of 
collections illustrating the formations and resoiirces of areaa studied 
by the Survey, as described in official reportfl. It further serves to 
secure to the Museum all duplicate material for its special needs. 
Geologists should recognize the importance of improving their oppor- 
tunities for making valuable collections of rocks, minerals, ores, and 
,...,1. _.^ --'--'--"leir immediate use in the preparation of reports, 
up of the collections in the National Museum, 
yt all comparative special studies, 
iw that all collections of the Survey belot^ ulti- 
lal Museum naturally prohibits members of the 
collections for other persona, or for institutions, 
are permitted to retain working specimens for 
1 such collections are made during the progress 
such manner as not to afiect the value of the 
ons. It is a recognized function of the National 
s specimens from its stock of exchange or dupli- 
titutions or individual specialists on request; 
by collecting abundant duplicate specimens oi 
objects, can supply, through the Museum, the 
iduals or institutions. 
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2. Numbering and labeling. — ^e specimens ot & collection can 
have no pennanent value unless an accui&t« record ot locality and 
impiKtant facts of occurrence is made aad connected with the speci- 
mens by meant! of numbers and labels. The expenditure of time 
and money required to make a collection and install it in the office 
is so great that carelessness or lack of Bystem tending to impair the 
value of the collection can not be tolerated. Every collector is ex- 
pected to use some efficient system of laheling. 

The specimens of each collection, pertaining to an excursion, a 
quadrangle, a district, or a given investigation, should be numbered 
in one consecutive series. It is a good plan to take a letter distinctive 
of each area and use it as a prefix or suffix to the numbers — for 
example, Dl, 2D, etc. Different members of a party should be 
assigned difierent sets of numbers — for example, A mi^t use 1 to 100, 
B 101 to 200, etc. As specimens and labels may become separated 
by various accidents, it is essential that the number be placed on the 
specimen when collected or as soon as possible, and also entered on 
the map and in notes as elsewhere provided. Small Dennison 
pasters can be easily carried in an envelope and used when each 
specimen is taken. If properly put on they seldom crack off. By 
the use of pen and indelible ink more permanent figures can be made. 
Do not disfigure specimens by urmecessarilylai^e pasters ornumbers. 
Neatness goes with proper care. 

The label should be a precise statement of locality, collector, date, 
notebook reference, and perhaps other desirable memoranda. It 
should be comprehensible to anyone. If symbols and abbrevia- 
tions are used in field labels, their explanation should be written out 
when the collection is unpacked at the office. A procedure which 
saves time in the end is to keep in each notebook a catalogue of 
specimens ao carefully worded a« to locality that typewritten labels 
can be made directly from it. 

A locality should not be described on a label by reference to places 
or features not shown on the topographic map, such as a camp site, 
or to the point at which some other specimen was collected; the 
latter information is, however, often desirable as an appended ex- 
planatory memorandum. Where there is a scarcity of geographic 
names, it is well to fix the locality on the label by stating with reason- 
able accuracy the distance and direction from some well-defined 
point, as measured on the map, i 
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Full detaile of occuireoce can not be given on a l&bel, but signif' 
icant d&U which can be concisely etated should be added when tbetra 
is room, for example, "From center of dike 15 feet wide," or "Upper 
contact zone, 3 inches wide, of large Bill; see No. — from center." 

3. CoUKticm (^roekt. — Rock epecimene which are to be retained 
in permanent collectiona (referred to on page 66) should be reaeon- 
ably uniform in else and ehape. They should approximate 3 by 
4 inches in larger dimenBions, and be, if possible, lees than 1 inch 
thick. In order that material for extra thin sections or for chem- 
ical work may be available for future needs, specimens should not 
be trimmed too closely. 6iee and shape are both subordinate to the 
satisfactory representation of rock characters. The skill necessary 
to procure well-shaped Hpecimena of maasive rock may be acquired 
in a short time and should be poHseased by every geologist. Collec- 
tions composed of too large or too small, unsightly, and incon- 
veniently shaped specimens are justified only by unusual field 
conditions. 

Specimens should present fresh, clean fracture faces, as free as 
possible from hammer bruises, and care should be taken to avoid 
staining the specimen through moisture of the hand or in other ways. 

Where there are numerous occurrences of a given rock type, the 
geolc^ist may often wish to collect working specimens to check his 
field determinations, and these may be of less than the regulation 
size, but care should be taken that all important rocks are repTe- 
eented by full-sized specimens. 

It is often desirable to collect specimens for exhibition in the 
National Museum, and such specimens should, so far as practicable, 
have the size and shape best suited to a representation of the note- 
worthy features. 

Rock chips suitable for thin sections should be inclosed in small 
envelopes provided for the purpose, and each envelope should be 
marked with the serial number of the corresponding hand specimen. 
Geologists wishii^ many thin sections made are directed to send 
their chips by small shipments — say 26, 60, or 100 at a time — from 
the field as soon as the material is collected, instead of waiting until 
they return to Washington at the end of the field season. 

Requests for thin sections should be restricted to the actual needs 
of the work. A small number of carefully chosen chips may be 
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expected to yield more inFonnation than Beveral timea the number 
taken at random witli little thought of what they represent . The 
coat of making them — about 45 centa each— wUl be charged to the 
allotment For the work to which they pertain. In case the need for 
thin aectiona proves to be much greater than ia provided for by allot- 
ment, a revised estimate should be made aa early sa poeaible, that 
funds may be asaigned for the increase. 

It is particularly desirable that rocka submitted for quantitative 
chemical analysis should be represented in the collection by abun- 
dant material. Geologists are urged to considerwhile in the field the 
poeeible need for chemical work, in order that the sample submitted 
for analysis may be truly representative and that there may be on 
hand several duplicates of such thoroughly inveatigated rocks. At 
least one representative specimen of each rock analyzed will be re- 
quired for the petrographic reference collection. 

Where specimens are being collected for complete petrographic 
study of an area, a large number illustrating all phases of composition 
and texture will be required. Thus in a transition zone, either of 
primary origin or marking alteration, it is usually desirable to collect 
a suite of specimens illustrating the transition. Different numbers 
should be assigned to different phases. From dikes specimens should 
be collected From the center, the border, and the contact with in- 
cloaing rocka — as many as are neceesary to show all phases of texture 
present. From sills and sheets there should be specimens from the 
center and both upper and lower portiona and from the contact rocks. 

In localities which illustrate the gradual transition of one rock 
into another series should be collected showing various stages of the 
change for chemical and microacopic study. 

Bach hand specimen should be wrapped separately, either in 
paper bags or in wrapping or news paper, so that two or more thick- 
nesses will inclose the specimen on every side. Pebbles, sand, 
earthy materials, alteration products, etc., should be collected in 
cloth or paper bags. After a apecimen is wrapped it is well to place 
the number on the package, for convenience when unpacking the 
collection. 

4. Collection of miiwrois.— The geologist ahould not neglect oppor- 
tunities to collect new, rare, or finely developed minerals, even it 
they have no important bearing on his work. If the collecting in- 
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volves much time, he ahould obtain a few representative Bpecuuena, 
making notes of occunence and locality, which will be useful to 
the Bpecialiat who may wish to obtain further material. 

No general rule for the size and shape of mineral epecimena can be 
given. They should represent the best development of the apecies 
found, their aaeociationB, and the manner of occurrence. Particular 
care in packing mineial epecimens is necessary in order that the time 
spent in collecting them may not be wasted. 

Specimens which illustrate the alteration of imy mineral, per- 
mitting the study of the process of transformation, are of special 
interest, particularly if they are pseudomoiphs. 

5. Coition of ore gpecmient. — In the elimination of a mine or 
rf'n i n g district specimens should be collected to represent all the 
varying phenomena of the ore deposits from the pointe of view of 
mineralogical composition, genesis, and structural relatione. Col- 
lections representii^ country rocks gathered during the areal survey 
of a mining district should be made accordii^ to the rules already 
given for rock collections, but the uniformity of size there desired 
can naturally not be expected to prevail with regard to specimens 
of ore or minerals. 

Collections of specimens illustrating ore deposits will be made 
with two objects in view — (a) for a working collection for purposes 
of study in the office or laboratory; (6) for a type collection to be 
depositod after the study is completed in the National Museum, or 
in the reference collection of the Survey. 

For a working collection a full suite of Bpecimens of ores, gangues, 
and wall rocks should be obtained, sufficient to furnish matorial for 
a thorough microscopic, chemical, and mineralogical study of the 
depodte under examination. In these specimens uniformity of size 
and shape is not so essential, but they should be large enough to show 
the phenomena or relations they are designed to illustrate. When 
intended for complete chemical analysis there should be at least 3 or 
4 pounds of material. For microscopic examination it is well to 
break oS, in the field, thin chips of sppropriato size which will show 
the phenomena to be studied. 

For the Museum or reference collection type specimens should be 
chosen which illustrate as clearly as possible the important and 
charactoristic phenomena of the depoeitB, such as the original condi- 
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tion of depoeition and the t«BulU of oxidation or alteration and of 
eecondary enrichment. In preparing theae B[>ecimeDa more care 
ahoiild he taken to approach uniformity in eize and ahape. A size 
of 4 by 5 inches with a thickness of not over 2 inches is preferable) 
but larger specimens may be necessary to illustrate features of mia- 
eral aaeociation, structure, or relation to wall rock. 

For specimenH illuBtrating Htructure or maimer of depoeition it is 
important that it should be posEible to orient their original position 
in the deposits. This may be done by putting a red spot on the 
Upper put of the epecimen and an arrow, in indelible ink, on its side 
to indicate the meridian. 

Care should alvays be taken to avoid bruising or aoili:^ the faces 
of specimens during the collection. The specimens should be num- 
bered with indelible ink at the time of collection and should be duly 
described by notes made as soon thereafter as practicable. It is 
well to assign a letter or letters to a given district and to mark each 
epecimen with that letter and the consecutive number as collected. 

6. Collection of road Tnateriah, — Arrangements have been made tor 
cooperation between the Survey and the Office of Public Roads of 
the Department of Agriculture, in the study of road materials. An 
important part of this cooperation is the collection of samples for 
testing. 

The samples should be sufficient in number to represent fairly the 
road ma^rials of the area surveyed, including deposits having not 
leas than 200,000 cubic yards, and each one should represent the 
averse of the particular deposit sampled. Each sample should 
weigh not less than 30 pounds. The pieces, in case of rock, should 
pass through a 3-inch and over a IJ-inch mesh, except one piece 
about 3 by 4 by 6 inches. They need not be wrapped separately. 
If a compression test is desired by the geologist a piece sufficiently 
large to cut three 2-inch cubes should be included. 

Suitable addressed shipping blanks and tags will be furnished. 
Shipment should be made in canvas or burlap bags by freight, 
cbarges collect, and all samples from one locality should be included 
in a single shipment. 

The Office of Public Roads will make pliyskal tests and micro- 
scopic examinationa, inc:luding specific grai'ity. absorption, hard- 
nees, toughness, cementing value, and mineralogical composition. 
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7, CoUeclvm of coal aampUt. — In examining a coal field for the 
purpose of claffiifyii^ the public lands or of determining the value of 
the coal for commercial purpoees, it ie essential that samples 
should be procured for chemical analysia. In general, the more 
important coal bede abould receive the most attention, but it is desir- 
able ibat all coals having a workable thickness should be sampled. 

If the geologist is working a field in which there are few or no 
mines, it will be necessary to procure samples from prospect pit* or 
natural exposures, but care should be taken to avoid sampling 
weathered coal unless it is impossible 10 obtain fresh material and the 
field is HO important and little known that even the poor results to be 
obtained from weathered coal are essential. 

In every field samples should he taken from all the commercial 
mines, and it is generally desirable to take more than one sample in a 
mine, especially where there are variations in the coal bed as a 
whole, in the various benches, or in different beds worked in the 
same mine. Strict compliance with the following rules is required 
in sampling mines: 

(a) Never accept weathered coal, but select a ft«sh face of coal at 
the point where the sample is to be obtained, and clean it of all 
powder stains and other impurities, 

(b) Spread a piece of waterproof cloth upon the floor so aa to catch 
the particles of coal as they are cut and to keep out impurities and 
exceseive moisture where the floor is wet. Such a clolii should be 
about Ij by 2 yards in size and spread so as to catch all the material 

(e) Cut a channel perpendicularly across the face of the coal bed 
from roof to floor, with the exceptions noted in paragraph (d) and of 
such a size as to yield at least 5 pounds of coal per foot of thickness of 
coal bed; that is, 5 pounds for a bed 1 foot thick, 10 pounds for a bed 
2 feet thick, 20 pounds for a bed 4 feet thick etc 

{d) Include in the sample all maler al encountered in the cut, 
except partings or b ders m re than three-e gh 1 s of an inch in 
thickness and lenses r concre ns f sul] hur or other impurities 
greater than 2 inches in maxim n I ameter and one half inch in 
thickness. Care should be exerc sed to keep he groo e of uniform 
size throughout withou regard to he mater al encountered. 

{e) If the sample is wet take it out of the mine and dry it until all 
sensible moisture lias been driven oft. 
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inside t*^e *iiij, '" ""^ visibly moist, pulverize and quarter it down 

rapidly '^*'*ii fin' ** '^"''^ changes in moisture, which take place 

pulvc"^ ^*"ft co^i*^"' ** exposed to diflerent atmospheric conditions. 

nxesb' *^'* tnijci.""*'*''"'''?***™!**! ft sieve with one-half inch 

distributed tV>, '''°'^«e'ily » that the larger particles are evenly 

■tM> q«*^^^ an^ .""^ ^^^ ""^' '^^**'' mixing divide the sample 

*^ ixiog *'^'^ tiuan'^^^^* opposite quarters. Repeat the operation of 

^en the Wo^fc j"^"'* ""*'! a «™Ple of deeired size is obtained. 

L. chemical ^ "''* 1^" properly done, a quart sample is sufficient 

lTe«-t»P'*'',»iir'!u ^^^^ '*"* '*"'*'^ '" ^*^^'' ^ Klass jar or a 

/„) The aHaiv'L ^^""^^ *"•* """" ^^^ J-^'"'- 

V be obtain^ ,'"' '"<■*' " sample will show the grade of coal that 

iDhurandaahintir '^'"^ '°*°'"8 and picking. Generally the 

*" ,,*ic shown hvth ™°""^'^'*1 output of the mine will exceed the 

'^'^" proximaied i analysis, but the commercial composition can 

^ ■*-*^/ <Wffi„,- ,y multiplying the analytical results 'by the 

^^^ -^^^ ''^'^ the^ sample by a complete description, stating 

"hs^^^ablfyjij-^ sample waa obtained and what it repreaeiitB. 
«/„ fy^th the ^ *"^'y*»* give full descriptions, as noted above, 
tmh, ^.J tr«„,„*"^ °* the collector, date of collection, name of 

"''WQiiieirl |»>n|^^^. '^° sample stock piles or even coal in bins and 

'^^ tw tile I ' \ -L ^^ _^^tremeiy unaatiafactorj- and no regulations 

wiltQsd lai^ /WV 1 rt^*^ insure representative samples. If a stock 

*''ift'CO»<«i' _/^ 1 ^ ^"^ '"'* be sampled, the geoli^st should 

"^■^is^^Ki T t ^"^^ samples averaging not less than 100 pounds 

■^n ■ ^ i\*,* should Im taken from various points on the stock 

l5Sift».\«»«:^«^f'^\4\je exercised to include in it tl:e various kinds 

\ »^. '^'^'*^^'; , is lump, egg. nut, slack, etc. In obtaining 

( '^-^'^--Viwl^ir.ble to turn over as much of the coal as pos- 

(; these s»mpl«^ Zcm^o-ae-^ shovelful during the process and beii^ 

I sble, teldng «" .^ ^^^ part taken a sufficient number of lumps to 

fj 1^^; to inclode ^^^ _^ ^^^ sample should be pulverized and 

■[ «!( repwseuta"'^^ . ^^ j.|,p r„ieg tor mine sampling, and either 

quartered down acc" .^^^ould be sent to the laboratory separately 



the resuitaot 



anipie* ■'' 
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OT the four small samples should be combined, thoroughly mixed, 
and qtiartered down. In undertaking to sample coal in railroad cars 
and bins the geologist will experience considerable difficulty in pro- 
curing a representative sample, and no way so far devised has suc- 
ceeded in accomplishing this purpose. It is possible, however, to 
procure fair samples of a carload of coal provided they are taken as 
the car is loaded, the sampler standing in the car and taking a 
shovelful at stated intervals as the coal is being dumped into the car, 
being careful to include in each sample all kinds of coal deliverod. 

Labeling: Sample cans for coal will be furnished on request. 
These cans will bear serial numbers on the bottoms by which they 
may be identified. The cans when issued in connection with land- 
classification surveys will be charged against the geologist ordering 
them, and the chief chemist of the technologic branch wilt be in- 
formed of the numbers issued to each party chief. Blank forme tor 
sending data to the chemical laboratory should be provided and also 
franked wrappers for inclosing the cans. These blanks will be sup- 
plied by the technolc^c branch. Any can which does not contain 
an adequate label will be thrown out. 

Samples for other than chemical purposes; In addition to collect- 
ing samples for chemical analysis, it is desirable to have in the Sur- 
vey for purposes for exhibition and study a large number of coal sam- 
ples, especially from the Western field, which contains all kinds of 
coal from lignite to anthracite. Therefore, wherever practicable 
Ban;iples should be procured for this purpose. Each sample should 
be of such a si/.e as to fill two of the ordinary sampling cans and no 
fine coal should be included. The lumps should be carefully selected 
so M to get representative coal, but at the same rime so as not to 
include any foreign material unless it is so infimately associated 
with the coal aa not to be separable. The cans containing these 
samples should be sealed and labeled in the same. manner as those 
containing samples for cheinicil analysis, and they should be sent 
to the office along with other collections, 

8. CoUeHiong of/oesils. — It frequently happens that the conditions 
under which geologic work is done render it impossible for the geolo- 
gist to make full and satisfactory collections of fossils. In such 
cases, especially when dealing with formations not generally foedl- 
iferoue, a record of the localities at which fossils are discovered 
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should be made with eufflcient care so that they con be fovmd BUb- 
aequently without difficulty. The record should contain, in addi- 
tion to full topographic description and map reference, a statement 
of the lithologic character of the beds, the character of the fossils — 
whether vertebrates, invertebrates, or plants — their abundance, 
their state of preservation, and all conditions aSecting their collec- 
tion. This record mutl be transmitted promptly to the chief geolo- 
gist and to mo one the. 

In collecting fossils there are reasons in addition to those above 
given for gathering sbimdant material. For the purpose of det«r- 
mining the exact geoli^c horizon of a bed it is important to have 
as many species as possible and to have each species represented by 
recognizable examples. These two ideas should be in mind when 
selecting specimens where transportation facilities ate limited, as in 
reconnaissance work. In more detailed work, even where the for- 
mations are well known and their lunits recognized, full collectiona 
should be made from every f ossilif erous horizon of measured sections 
BO far OS practicable. The data thus obtained as to the geographic 
distribution and stratigraphic range of species maJ^e future determi- 
nations and correlation of horizons increasingly more accurate. 

All specimens taken from one bed in one locality, though repre- 
sefiting many species, should be given the same number and label. 

As indicated in a previous section, great care should be taken in 
recording on the map and in the notebook the locality and horizon 
where fossils are found. Aa a rule, fossils collected from different 
beds, even if only a few feel apart, should have distinctive labels, 
and specimens foimd on talus slopes or in bowlders should be kept 
separate frem those found in place. When collections from distinct 
horizons are mixed, the fossils themselves will usually indicate that 
fact; but it will often be necessary to revisit the locality for exact 
data as to stratigraphy and structure that m^;ht have been obtained 
in the first place if the collections had been more carefully made. 
Wherever possible, a sketch section should be made in the notebook 
and the exact horizons at which fossils were collected should be 
indicated. 

Plants: In collecting foesil plants perfect specimens should be 
sought for; but fragments that illustrate essential or important char- 
acters should also be taken— such as the tip of a leaf, a petiole with 
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a part of the leaf attached, a good, perfect baee of a leaf, or a weU- 
pncserved portion of the margin. By the coropariBon of a good wriee 
of such fragments, if these are all that can be procured, a HBtisfactory 
idea of the form. size, and character of the leaf may usually be 
obtained. In collecting from Mesozoic or Tertiary formations a 
fragment of bark, a leaf with no part of the margin preserved, or a 
mass of leaves without form can usually be diaoarded at once. Occa- 
Bionaily it is of course desirable to take anything in the nature of 
plant remains, for a few seemingly worthless fragments obtained at 
a horizon where plants are rarely found may often be of more interest 
than a full collection from a well-known locality or horizon. In any 
case it is desirable that the collector spend sufficient time to insure 
a full or at least a fair representation of the flora at each locality. 

In collecting ferns the most valuable specimens are those found in 
fruit, and nothing, no matter how fragmentary, that shows the slight- 
est tendency to be fruit bearing should be discarded. As ferns and 
conifers can usually be determined on smaller fragments than will 
suffice for dicotyledons, such fragments need not be discarded if 
no better ones are available. Both these classes of vegetation are 
valuable and should be procured whenever possible. Fragmentary 
impressions of stems and branches, detached leaves of conifers, 
lignitized wood, etc., are usually of little diagnostic value, and may 
generally be rejected, except in the case of Paleozoic plants, when 
great care should be given to the collection of impresBions of the 
outer bark, which is especially essential to the specific determination 
of such groups as the Lepidodendreie and Sigillarieie. 

When Bpecirnens are accidentally broken all the parts should be 
Dd kept together if possible. Counterparts or reverse impres- 
ould be carefully preserved and also kept together, 
■tebratee: In collecting invertebrate fossils it should be 
)ered that the important features for their determination are 
Ktemal sculpture, and internal structure. Complete speci- 
lould therefore be obtained if po^ible, or if the fossils are 
all the pieces should be saved and carefully packed, together 
label indicating that they are parts of one individual, 
rfect specimens that show internal structure or other impor- 
itures should be collected even it perfect ewimples of the 
>ecies are obtained. Fossils preserved as internal casts are 
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often more ioBtrucCive th&n perfect apecimeiis, but in euch caaee tlie 
adjacent matiiz ehowing the imprint of the exI«rior ahould also be 
carefully collected and kept with the caat to which it belong 
When foeeils are distorted by prceeuie la^er collections are needed 
to asBist in eatimating the amount of distortion and thus m ukin g the 
det«rmination more certain. 

Vertebrates: In collecting vertebrnte foseila it ia of the greateat 
importance to keep the bones of each animal by themHelvea, sepa- 
rated from all otbera, and to save all the pieces, however anieJl, 
Collect carefully aU the loose bonee and fragments on the surface or 
covered with earth, before beginning to dig out the skeleton. 

Never remove all the rock from the skuU, foot, or other delicate 
specimen. The more valuable the fossil the more rock should be 
left to protect it. 

When an entire foot is found, keep the bonce of each Me together 
and separate from the rest; then the foot am be put together again 
with certainty. A complete foot is often more valuable than a skull. 

Get aU the bones of every good apecimen, though it may take 
much time to dig them out. The absence of a single toe bone may 
greatly lessen the value of the ekeleton. 

When a rare bone can not be got out of the rock entire, it is impor- 
tant to measure its exact lei^h on a piece of thick paper, and pack 
this, properly marked, with the pieces saved. A drawing of such a 
bone, however rude, may prove of value. 

Small specimens are often more valuable than larger ones, and 
should be carefully Bought for when a good locality is found. Single 
bones, if one end is perfect, are worth saving. If fruhly broken, 
careful search should be made for all the pieces. 

Every fossil or fragment should be wrapped separately in paper, 
sufficient soft paper being used to prevent all danger of injury by 
rubbing. Cotton should be used in packing fragile specimens. 
Each lot that should be kept together, as the fossilB from one locality 
or the parts of an individual, should be put in a sack, or securely 
wrapped in stroi^ manila paper, with a label ijiside and a tag or 
number outside. 

9. PaduTig. — Specimens of all kinds ahould be packed in small 
boxes so that they can be handled by one man. Each box should 
be entirely full, all interstices being filled with soft paper, excelaioi. 
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It&y, OT similEU' material, but not with eawdiist. The top of the box 
should be planed and the directioDB marked with paint or ink. Eodi 
box should be bound with wire or otherwise Btrengthened. Direc- 
tions for marking and Bhippisg boxes of Bpeamens are given in the 

Survey regulationB. 

It is frequently convenient to send small collectione to the office 
by mail. They should be securely wrapped in strong paper and well 
tied. Packages sent by mail must not exceed 4 pounds in wei^t. 

10. Opening of 'packogu. — As soon as a box or package of spedmene 
is received at the office of the Survey a storage label will be attached 
to it, giving the aerial storage number, date of arrival, and collector's 
name. All these items must be entered in the storage book. If 
boxes are delivered to the National Museum unopened that &^ muat 
also be entered in the eton^ book. A similar entry must be made 
if a package is delivered to any person to be unpacked. 

Whoever opens a package of imnumbered specimens must at once 
attach firmly to each specimen, if of sufficient size, an adhesive label 
containing a number referring to the accompanying field label and 
to a full catalogue. 

Unnumbered specunens must not be placed in trays with loose 
labels. 

11. JKsposal of colUclitmt . — ^Tien a collection of fossils, minerals, 
or ores bs ff been received in Washington it should be disposed of by 
the geologist as follows: 

FoesUs should be transmitted through the chief geologist to the pale- 
ontologist in charge, with separate and complete listsof numbera, local- 
ities, and geologic horizons, when possible, of vertebrates, inverte- 
bi&tee, and plants. In this letter of transmittal it should be clearly 
stated what kind of a report is desired by the geologist for his own 
use, if any — that is, whether he wishes detendnation of horizons only, 
lists of species, or discussion of faunas which may be quoted or men- 
tioned. Such material will be finally transferred to the Museum 
by the Director on recommendation of the paleontologist. Collec- 
tions of fossilB made by a paleontologist and belonging to a geologic 
system other than the one he is chiefly engaged in studying must be 
transmitted to the paleontologist in chaige as soon as possible, for 
reference to the proper specialist. They should be accompanied by 
fuU information regarding locality and stratigraphic relations. 



GENERAL INSTRUCTIONS. 7H 

Minerals intended tor the National Museum which it ie not th« 
intention oE the geologist to describe himself will be officially trans- 
mitted by the Director, on the written request of the geologist. 

Collections of rocks are to be retained in the custody of the geologist 
until no longer needed for study. It is desired, however, that as soon 
as possible after the publication of each complete work a thoroughly 
representative collection illustrating the investigation should be 
deposited in the National Museum. On the one hand care must be 
taken tJ) have this collection include all specimens that will probably 
be needed for future reference, and, on the other band, judgment 
must be used to make the collection sufficiently representative with- 
out cumbereome duplication. \\'here thin sections of rocks have 
been made, aset should accompany the museum specimens. Dupli- 
cate sections may be made to be retained by the geologist if desired. 

The geologist in cha^e of the section of petrolc^ will be called 
on to approve the selection of each reserve collection of rocks before 
transmittal. Ue is also authorized to select rock specimens desired 
for the petrographic reference collection and to incorporate them in 
that collection at any time after the report dealing with the speci- 
mens in question has been published. 

The material remaining after the reserve and reference collections 
have been selected should be carefully sorted over. Small speci- 
mens which have served their purpose as study material and can be 
of no further value nuty be thrown away. The geologist may also 
select a set for comparative studies when he thinks that desirable. 
The rest of the collection must be transmitted to the Museum fur 
its general purposes. It should be borne in mind that the reserve 
collection of the Museum is available for examination at any time. 

Ore collections are to be treated in the same manner as rocks. 

12. Trantfer of specimens to National Muieum. — Whenever geol- 
ogists, paleontolc^ists, and others have specimens or collections of 
rocks, minerals, or fossils to be turned over to the National Museum 
as accessions, the Director should be advised of the proposed trans- 
fer, and the transfer should be made in regular official form by letter 
of the Director, or of the chief clerk, by his order. In no case should 
a collection be sent by the geologist or paleontologist direct, whether 
accompanied by a personal letter to a member of the Museum staS 
or not. A collection need not necessarily be held until the sending 
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of the Director's letter of tninemitta], but may be sent to the proper 
department of the Museum at the convenience of the geologist or 
paleontologist, the official Iett«r foUowiog in due course. 

Ottmiioal AnalyseB. 

1. All requests for chemical analyses should be accompanied by 
full information as to the locality from which the material comee, the 
nature of the geologic problem involved, and the bearing of the analy- 
sis requested on its solution. This information is for the guidance of 
a committee on chemical analyses, whoee favorable recommendation 
is necessary before the request can be approved, 

2. In the case of petn^jraphic specimens, microscopic study rf 
thin sections and a careful comparison of the rock with specimens in 
the petrographic reference collection already analyzed should pro- 
cede chemical analysis. A brief statement of the resulla of such miero- 
ecopic study should accompany the request, in orderthat the chemist 
may be informed of the presence of unusual constituents or of the 
abundance of others ordinarily present in smalt quantity. 

3. When waters are forwarded lor analysis the entire material must 
be collected through filters in clean glass bottles or carboys at one 
time, so that the entire specimen, measuring not lees than 2 gallons, 
may be thoroughly uniform, and these vessels must be properly 
sealed with paraffin. Whenever it is practicable, geologists desiring 
analyses of water should inform the chief chemist of the general char- 
acter of the water and receive detailed instructions as to collectingand 
bottling. Ordinary druggist's filter paper is not suitable for the col- 
lection of acid waters. 

4. The nature of the analysis desired should be stated, the elements 
to be determined being given whenever a partial analysis only ia 
called for. The term "completeanalyHie"isunderstood tomean the 
determination of all the elementa which occur commonly in rocka, 
including titanium, phosphorus, barium, strontium, lithium, etc, 

5. If analyses of this or similar material from the same 'region have 
been already printed, the fact should be stated, with references. 

6. The name of the substance to be analyzed should be given, and 
the locality should be stated on the label accompanying the sample, 
as well as in the official letter of request. 
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Photography. 

1. Hembeis of the Survey m airing uge of the camera in the field 
aie expected, unleee they are already skilled photogn^hers, to avail 
themselves of all the means at their command, both those aB(H;ded 
by the Survey and those available elsewhere, for becoming ptoficteot 
in the use of the camera. The chief photographer will at all times 
be ready to give instruction to anyone who may desire it. Dark- 
iDom facilities and instruction in developing will be furnished to 
those wishing to familiarize themselves with this branch of the art. 
No one should go into the field without some practical experieoce 
with the particular camera and platee which he expects to use, nor 
should old or defective plates or films be used in the field. 

2. The use of photographic material supplied by the Survey 
should be confined strictly to objects germane io the work of the 
Survey. In case a member of the Survey usee in his official work 
private photogiapbic instruments or material, all resulting negatives 
which may be of value ta the Survey for illustration or other pui* 
poses will be r^ardcd as Survey property, the same as other field 
collections. 

3. All cameras and other photographic apparatus will be in the 
custody of the chief photographer, who will see that they are in 
thoroi^ repair before they are taken into the field. All apparatus 
should be turned over to the custodian for examination and repair 
(if needed) immediately on the return of field parties. Requisitions 
for the purchase of photographic apparatus and supplies mudi be 
approved by the chief photographer, and persons making such 
requisitions should consult him in advance, in order that the outfit 
purchased may be adapted to the particular conditions under which 
it is to be used. For the same reason instruments should be pur- 
chased in the field only under conditions of exceptional emergency. 

4. Every nc^tive sent to the Survey laboratory for developing, 
or developed elsewhere at the Survey's expense, must be numbered 
and be ai!companied by a record, made at the time of exposure, 
having a corresponding number. This record should state the con- 
ditions under which the exposure was made, the nature of the 
subject, and any further information which will assist the photog- 
rapher in developing. Books containing suitable blanks for muTiiti g 
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this recoid will be supplied by the office. No negatives will be 
developed in the Survey labomtory unlesa accompanied by such a 
memonndum.. In case one part of the picture is of more importance 
than another the fart thould be noted tor the guidance of the devd- 
oper; also the special importance of particular negatives, duplicate 
exposures, part;B of panorama, etc. This field record ahonld contain 
all the information required for the permanent index label, fur 
which it will be used after the negative is developed and proved. 

5. 'When negatives are submitted to the laboratory for develop- 
ing, a definite procedure will be followed, involving cooperation 
between the author and the photographer: 

(a) After developing, with special reference to the information 
furnished by the author, an unmounted proof will be made of each 
negative which ehows any definite image. 

(b) With the negatives and a set of proof prints the photographer 
will consult the author, who is requested to indicate any negativee 
which are of exceptional importance for illustration purposes, Theee 
the photographer is instructed to improve, if possible, by retouch- 
ing, inteneifyiitg, or other means. 

(c) After an examination of the proof prints, the author is requested 
to select such negatives as should be retained by the Survey. He 
will trim, number, and label the prints of the selected negatives and 
return them to the laboratory, where they will be suitably preserved 
and form the index to the Survey collection. Each author should 
have a consecutive series of numbers and supply a full descriptive 
label for each negative. Authors are urged to reject poor negativee 
unless they are of exceptional importance, in order that the Survey 
collection may be kept within reasonable limits. 

(d!) Greater care in developing negatives will generally be taken 
in the Survey laboratory than elsewhere, and work will usually be 
done there with promptness, so that negatives should be sent to the 
Survey laboratory for developing unless there we exceptionally 
urgent reasDns for doing otherwise. Proob printed elsewhere at the 
Survey's expense are subject to the regulations provided in pant- 
graphs b and e. 

6. All official negatives, both films and plates, suitable for illus- 
tration or other Survey purposes must be properly numbered, sup- 
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[died with descriptive label, and deposited in the photographic lab- 
ortttory as sooa as possible. This r^ulatum applies aiao to n^ativea 
developed at the Survey's expense eleewhH« than in the Survey 
laboratory. Requisitions for prints or slides will not be filled until 
this regulation h complied with. 

7. Whe^ the negatives are properly catalogued, mounted prints 
may be ordered, the n^ativee being designated by number. Au- 
thors are urged to confine orders for prints to their actual needs. 
Since the nif^ives are to be readily accessible, it will be unnecessary 
and undesirable to have more prints made than are needed at the 
time, in order to provide ^^nst uncertain future contingencies. 
When a view is definitely chosen for reproduction several prints of 
varying intensity may be procured from which a selection can be 
made. In general, from one to three prints will supply ordinary ■ 
lequirements, and when more are ordered the object for which they 
ue to be used should be fully stated. 

S, Authors may retain the proof prints from negatives which for any 
reason it is not considered desirable to add to the Survey collection, 
and an additional print may be ordered from such n^atives when 
needed for a specific purpose. Requests for prints from n^atives 
not included in the Survey collection must be accompanied with 
the negatives from which they are to be made. 

9, Negatives smaller than 31 by 4J inches will be developed in 
the Survey laboratory and prints made, at the discretion of the 
chief photogmpher, when other work of the laboratory will not be 
thereby delayed. Such small negatives may be developed in the 
field and at the expense of the allotment of the person taking them. 
R^ulation 2, above, applies to these smaller cameras as well as to 
latter ones. The number of prints ordered at official expense must 
be limited strictly to the requirements of the official work of the 
Survey. 

10. No work of any kind will be done in the Survey photographic 
laboratory except on a regularly approved requisition. In case an 
author desires prints for other than official use he will be pennitted 
to withdraw from the Survey collection, for a limited time, the 
negative taken by himself, leaving a receipt for the same; but in 
no instance will he be allowed to intensify, reduce, or retouch the 
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n^ntive, as all work of this cbaiactei must be perffffmed in the 
phot<^raphic eection. The author may give hie order for printe to 
the photographer with whom arrangemeiitB are made for filling 
private ordera. With printa are included lantern slidea. 

11. The Survey collection of lantern elidee is growing so rapidly 
that it promises soon to become inconveniently large. The mate- 
rial offered for inclusion in it will be subjected to careful scrutiny, 
and several claseee of material will be excluded. Slides will not 
be made in the Survey laboratory from inferior negatives unleas the. 
subjects are of exceptional importance; they will not be made from 
subjects of ephemeral interest unless the purpose for which they 
are to be used is one closely connected with the furthering of the 
Survey's interests, and then the requisition should indicate that 
they are not intended to be included in the Survey coUection; they 
will not be made from private negatives or maps unless the subjects 
are of exceptionitl general interest and therefore especially desirable 
(or the Survey collBCtion. 

12. Slides will he catalc^ed as soon as finished, and the person 
OD whose requisition they are made may draw them from the col- 
lection, giving a receipt, under the r^ulations already provided. 

Gbologio UTomenolatiiTe. 
1. Rules of nomenclature and classification have been adopted for 
the (leologic Atlas of the United Statee, and published in the Twenty- 
fourth Annual Keport. Every person doii^ geologic work in the 
Survey should become thoroughly fomUiar with these rules. The 
cartographic unit is the formation. Aggregates of formations are 
designated, in ascending order, groupt, seriet, and tystemi, and parts 
of tonnations are manbtri. These terms, when coupled with B 
geographic name, forming a title, should be used only in the accepted 
sense, and not loosely or indefinitely. 
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The followmg ayatems and aeries are recognized: 





Recent. 










Tertiary 


UlOOOTS. 








Bocona. 


CietHceoiu. 




jura»^. 




TrlMBlc. 






(PBnnian. 








iMisBlBslppUn. 


Davonlan. 




SIlunaD. 




OrdoTlclan. 










Acadian. 




iGeorglon. 











2. Certain rules in rtgard to the definition and application of 
geologic formation names, baaed on principles of priority and eatab- 
liflhed usE^e, have been adopted by the Survey. A committee on 
geolc^c names has been appointed to interpret these rulea, and 
geologista and paleontologiete must tranamit, considerably in advance 
of the presentation of manuacript, a list of the names they intend 
to use for all stratigraphic divjaions. Moreover, aa it is necessary 
to obtain the committee's approval not only of the new names but 
of the particular application of every geologic name to be uaed in 
the text or on the illustrations, even those to which only a casual 
reference is made, the manuacript iteelf muat when completed bo 
sent to the committee for examination. This must he done before 
the paper is transmitted for publication, and the author must pro- 
cure from the committee a letter containing a list of the names used 
and indicating the action taken thereon, to be transmitted with the 
manuscript. This regulation applies both to manuscripta for Survey 
publications and to those that are to be published elsewhere, either 
by other Government Bureaus, by State surveys with which cooper- 
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ation is being carried on, or in proceedings of societies of scientific 
journals. In the caae of such outaide publication, it is eapecially 
important that tho manuBcripta should be referred to the com- 
mittee, as such manuacripte do not pass through the hands of the 
Survey editor. The committee will give full consideration to the 
views and wishes of the author, but its approval of all geologic 
names, both old and new, is essential. 

3, It is generally impoasible to decide on the stratigraphic sub- 
divisions or their correlation until the survey of a district is well 
advanced or is entirely completed and some office work done. 
Tentative field names or other designations should therefore be 
employed and long-distance correlations avoided until the strati- 
graphic units have been traced to or otherwise identified with forma- 
tions already definpd. Such field names can easily be replaced when 
final correlations have been made, and no prejudice is incurred in 
favor of an incorrect correlation. 

PemuBBion to PnhliBb. 

1. Papers based in whole or in part on material procured or obser- 
vations made in connection with official Survey work may be pub- 
lished elsewhere than in the Survey series only on the written p^ 
mission of the Director. Requests for permission to publish must b« 
accompanied with the complete manuscripts. The permission will 
not be granted until the terms proposed to be used have been ap- 
proved by the committ«e on geologic names. 

2. This rule is not intended to hamper in any degree the free 
expression of scientific opinion or the widest dissemination of con- 
cluaions, but it is intended (a) to prevent premature publication of 
results properly belonging in official reports, (6) to prevent aeritoo- 
niouB or i>ersonal controversy on scientific matters, and (c) to prevent 
inconsistent and conflicting usf^ in matters of nomenclature and 
claaeiScation. 
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The following schedulee have been prepared with a view to secur- 
ing eystem and completeoees in making and recording observations. 
Most of them are not intended to be exhaustive or to cover all possible 
pointa on which the Bpeciahat will make observations. They are 
rather for the guidance and help of the specialist when he is working 
outside his specialty. Thus the glacialiet or paleontologist will have 
occasion at times to make observations on mineral depoeite which are 
being mined or quarried, and the appropriate schedules will indicate 
to him what points are of most importance and should be most care- 
jhilly not«d. In like manner the economic geologist or petrographer 
might be at a loss to know what particular features should be obaerved 
in a deposit of glacial material. In short, the need for the schedules 
arieea from the extent Co which specialization is necessarily carried 
in geologic work and they are designed to overcome some of the di*- 
advanl^es arising from this specialization. 

In the field study of economic mineral deposits, the geologist should 
bear in mind that his results, to have their greatest value, must be 
based on a thorough knowledge of the geologic relations of the de- 
porita. If he does not obtain this knowledge his work will be a more 
or less complete failure, no matter how many facts he may ascertain 
regarding the deposits themselves. If time for the study of adeposit 
is limited a considerable share should be devoted to the geaeral 
geolf^y of the district in which it occurs — to its geolc^ic and physio- 
graphic history — although these matters may to the superficial 
observer appear to have little if any bearing on the subject under 
investigation. The scheduleR naturally call special attention to facts 
to be observed r^arding deposits of the particular claas to which 
they relate, but it is to be understood that in every case a knowledge 
of the general geology of the district is to be acquired as a foundation 
for the special inquiries tabulated in the schedules. 
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It has Beemed deairable to preface the schedules with a aomewlua 
fuller Btatement of some of the special poiiiM to be observed than the 
tabular form permits. Material assistance has been rendered in tha 
preparation, both of these introductory statements and of the sched- 
ules, by Messrs. Whitman Croaa, Arthur Keith, G. H. Ashley, W. H. 
Emmons, A. H. Brooks, P. S. Smith, A. C. Spencer, and W. C. Alden. 

Desoriptiou and Interpretation of Land Foims. 

In deciphering the past history of a region the geologist is aided 
by an understaading of the character and origin of the surface 
forms. Thus a marine cut hench on a, hillaide means relative uplift 
of the land, or a peneplain means a loug period of relative stability. 
The value ot this evidence comes from the fact that forms are the 
result of certain processes acting on certain structures. So, if a 
particular type of land surface is observed the geolc^ist may deduce 
the processes that have been eSective, or the history or genesis of 
the area. As such deductions constitute the main use of this kind 
of evidence from the standpoint of the geolc^st, those points which 
serve this end should he particularly sought. 

The description and interpretation of land forms can no more he 
treated adequately by long-range views alone than can stratigraphy. 
It is desirable to gain first a broad view of the region, then to study 
the features in detail, and then to assemble the facte collect«d by 
these two methods of observation. Such study should consist of 
both office and field work, neither alone giving the best reeulta, 
although the latter is far more important than the former. 

Office study should precede and also follow the field work, hut 
as the compilation of the results differs but slightly from the method 
pursued in other sciences, it need not be discussed in detail here. 
The aim of modem science is to make use of time moat effectively. 
Therefore, when any work may he done equally well by two methods, 
the shorter one is to be chosen. Much time may be saved by a study 
of maps and the literature before visiting a region. In this study 
the relation of the particular area to the larger land forms outside 
of it should be noted, as well as the main features within its limits. 
In this preliminary study any peculiar features which will require 
particular attention in the field, such as abrupt termination of ridgea 
or sudden changes in the direction of the streame, should be 
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noticed. The general arrangement of the various topographic 
unite should be grasped and, so for as possible, a plan of campaign 
laid out. As much information concerning the geologic structura, 
climate, etc., as is poaeible should be gained, but the attempt 
shculd not he made to do those things which can be better done by 
observation in the field. 

Subdivision of land forma may be carried to any degree of refine- 
ment desired. Intbeaccompanyiiigscbedule(No. l)threetypee — 
plains, plateaus, and mountaine— are adopted, and it is believed 
that all areoB which are encountered by the field geolc^ist will 
belong to one or more of these types. Each of tbeee divisions may 
be treated as consisting of three parts — the upland, the valleys, and 
the intervolley areas, or spurs. Each oi these details should be 
considered, first separately and then in its relation to the others. 
When this has been done, the observer will be in a position to under- 
take the statement of the origin of the present form. The char- 
acter of the previous form, of which the present form is a derivative, 
next requires attention. It may be beet deciphered by one alert 
to the forms characteristic of each agent of land sculpture. Thus, 
if a peneplain is su^ested, evidence of old age should be sought in 
the character of the drainage, deep rock weathering, absence of 
ledges, absence of undrained areas, monadnocks, lack of interrup- 
tion of peneplain surface on rocks of very different resistance, etc, 
If these conditions ore not fulfilled, their absence miist be ex- 
plained, or the interpretation is erroneous. After a hypothesis is 
formulated, it should be tested by some new line of study, for 
every hypothesis must at least fit the known facts, but its proba- 
bility is increased in proportion as it explains some previously 
unexpected facts. For instance, the theory of continental glacia- 
tion was first advanced to account for scattered bowlders of foreign 
material which showed scratched surfaces. When this theory was 
tested by inquiring the effect of such a hypothetical ice sheet on 
the drain^e and was found to explain perfectly such conditions as 
those in the region around the Great Lakes, it commanded greater 
credence. 

While much of the theoretical consideration of the data acquired 
can be profitably worked out after retuniii^ to the office, it is of 
prime importance that the greater part should be done in the field 
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with the forms before Hie observer, for m that way Buggestione ow; 
be tested and critical localities visited. If, however, the time lor 
field work is limited, enough informatioii for a general descriptJOD 
m&y often be afforded by photognphs. In tftking pictures it is 
important to note the compass direction in which the camera is 
pointed. Furthermore, if possible at least two views, at r^ht angles 
to each other, of all important features diould be obtained. Note- 
book sketches are of great value, especially in supplementing pfaoto- 
graphs, but the personal interpretation should not obflcure the facte, 
for it may be necessary to modify early opinions in the light of further 
knowledge. 

In the use of the accompanying schedule, which ie primarily 
intended for field observations, it should be remembered that often 
only a few of the points necesaary for a complete description may 
be found in a single view, and therefore answers to every one of the 
headings indicated on the schedule are not expected. The object 
of the study should be kept firmly in mind and emphasiB placed on 
those portions which further the main object of the party. The 
observer should be alert for corroborative evidence that can be ob- 
tained from all the branches of geology, as, for instance, stratigraphy, 
petrology, etc. 

Petrologio ObservationB. 

Rocks are the documents that contain a large part of the geologic 
record. To read that record is the geologist's duty, and it will not do 
to jump at the sense by catching a word here and there. 

Bock masses represent primarily the result of certain processes, 
acting on certain matcrialB, under certain conditions. Petrology ifl 
the broad science of rocks, dealing with the product and from a study 
of its characters and relations reaching conclusions as to these proc- 
esses, materials, and conditions. Those processes include meta- 
morphism and decay of rocks, the latter beii^ but an initial process 
in the forming of still other rocks. 

For the geologic interpretation of rocks the primary requisite is 
a knowledge of the rock itself. In proportion ae its characters and 
relations are known its significance as a geologic mass is understood. 
It is, then, manifestly a primary duty of the field geolt^ist to study 
carefully in the field the rocks which come under his observation and 
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to provicle adequate material tor reimed exftmination in the office or 
laboratory. It is important for tim to realize tliat the more fuUy the 
character of a rock ie appreciated in the field the more helpful are ita 
hints in directii^ the conreeof inveatigation. 

Some of the important things to observe in connection with differ- 
ent classes of rocks will be briefly mentioned here. 



Rocks TcpreseDting fused material from untuown sources in the 
earth's interior are seemingly primary. It derived from oldet rock* 
only the general chemical nature o£ theae original rocka can be 
inferred. The igneous rocks are of great importance as telling 
almost all that we know of the earth's interior and illuatiatiiig 
many principlee of chemiatry and physics. 

Character of the roci.— Observe mineral composition and texture 
carefully; the proper classification, description, and naming of a 
rock depend on these factors. Note variation of either composi- 
tion or texture in a given mass; both require explanation. Hetero- 
geneity in composition is often difficult to explain. Is it related 
to fonn of mass or to contact zones, or is it irregular in distribution? 
Is the transition from one phaae to another sudden or gradual? 

Changes in texture indicate conditions of consolidation. Dense 
or glassy contact zones with coarser interior show the chilling effect 
of cold waU rock, water, or the atmosphere. An even, granular 
texture in contact zones speaks for highly heated country rock, 
produced perhaps by the passage of much magma through a conduit, 
or a great depth of the mass at the time of consolidation. Fluids 
textures in contact zones imply movement just before consolidation. 

Mode of occurrence. — Observe form, size, and position of intrusive, 
masses with relation to character of the rocks, with reference to 
the history of the region, and for data bearing on the question of 
the mechanics of igneous intrusion. Do the contact zones of intru- 
sive masses, either with wall rock or included fragments, show 
evidence of fusion of wall rock or inclusion and asfdmilation of 
melted material, or is the contact sharply mechanical? If large 
fragments are included in an intrusive rock see if their source can 
be determined. Specimens illustrating these relations are necessary. 
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BtiaHom q/^ rodb».— Where aeveral igneoua rocka occur in associa- 
tion, obeerve relations of occunence and evidences of relative age 
of difierent kinds. If one cuts another ascertain which is the older. 
Contact modifications in the younger rock are common. The 
sequence of eruptions is often interesting as bearing on magmatlc 
diSerentiation and the succession of events at a volcanic center. 

In many places small masses or dikes are characteristically 
ttasociated with certain luge bodies. Note such reetrictiona of 
occurrence and represent different dikes liberally by specimens. 

Effmiiie rocka. — The petn^raphic character, features of associa- 
tion, and succession are matters of prime interest in connection 
with effusive as well as with intrusive rocks. It is important to 
determine the location of the vent from which a lava has issued 
and its connection with or seeming independence of a center of 
ty]»cal volcanic action. If a volcano is indicated problems arise 
as to the nature of the eruptions, whether eSusions of lava or explo- 
aiye outbursts, the period of activity, and the extent and state of 
preservation. In the case of ancient volcanoes which have been 
greatly eroded the phenomena may become lately those of intru- 
sive rocks. 

Observe carefully the extent and thickness of lava flows and the 
features of their upper and lower zones and of the surface. These 
points bear on the liquidity or viscosity of the magma as it issues 
from the vent. The more liquid lavas flow readily and cover a 
larger space than those that are viscous, some of which build up 
domelike hflls above their vents. 

Metamorphigm. — Always study with care the change produced 
in a country rock or an included fragment by an igneous magma oi 
associated solutions. Ascertain the original character of the wall 
rock and the extent of its metamorphism, as shown by gradation 
from maximum to minimum eSect, the latter being commonly 
related to distance from the intrusive body. Note the character 
of the secondary minerals when possible and illustrate by specimens, 

Decompotition. — The destruction of an igneous rock is usually 
accomplished by deep-seated chemical action or by the dominantly 
mechanical processes of weatherii^ near or at the surface. In the 
former case the special characters of a given rock may be changed 
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by the work of cirmlKting waters. Certain componeate may be 
removed and othen brought in. Thus rockB of different primary 
character may be brought to resemble eadi other and even the dis- 
tinctive properties of aa igneous tobbb may disappear, aa in extreme 
ailicification or kaolinization. Such alteration is usually so local- 
ized that the geologist may observe various stagee, even perhaps to 
the fresh rock, and by obtaining suitable specimens afford means 
for an interesting study. Consider especially the relation of such 
decompoaition to ore deposition. 

Study the surface decay of rocks with relation to the process of 
weathering, the formation of soil, the mechanical deeliuction of the 
exposed masH, and the deposition of detritus. 

Pyroclattic roci*. — Intermediate between massive igneous and 
sedimentary rocks in some respects are the pyroclaatic rocks. They 
may repreeent debris from volcanic explosions which has fallen on 
the slopes of the volcano or at no great distance and has suffered no 
transportation. Contemporaneous and perhaps intermingled with 
such deposite may be others that have been washed, by heavy~raina 
attendant on eruption, to varyii^ distances down the slopes or into 
bodies of water. After eruption ceases volcanic debris is naturally 
transported and deposited at moro or less remote pointe in norma) 
sediments. 

Make obaervations to determine the relations of pyroclaetic 
deposits to their source l>oth in apace and time. Sediments com- 
posed of volcanic material transported, sorted, and deposited under 
usual conditions exhibit the characteristics of elastic rocks referred 
to below. As a rule tboee which belong eesentially to the volcano 
exhibit structural relations to the volcanic center, association wit^t 
lava streams, irregular mingling of coarse and fine particles, crude 
bedding, and petrographic uniformity as to constituents. The 
finer particles are sharply angulu, tnany of the lai^r ones are 
somewhat rounded, and bombs are of common occurrence. 

Collect specimens wherever desirable, following the instructionB 
in this handbook in t^ard to form, number, label, and record. 
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Summary.^The following sUtenieDt e 
tkmB to be made on igneous rocka: 



L MecaaM|dc character of rock ai 



i[ occurrence, (e) sped- 



:b ghnnily defined? (fit a: 



c alteration ol 



e. BeekaouneofalBTafiowandltsasB 
ciatlon with other flows or wl( 
P7T0ClaatIc material. Id case of 
HiteB study sequence and stni 
tural reiaUons. 
7. Pyroelftstlcs: 

(a) Chaotic arrangoiitent, or rui 
bedding, angular lorm of smalii 
Mrticles, aseodation with la™ 



(b) Hounded particles, distinct 
bedding, adiniitiiro ol nonvol- 



Qcatlon, descr^tlon. oi 
dkture depend on Uie thonu^- 
nees ot these Oald observatlone, 
which maj also bear on Hie causes 
of textural or mineral dlflerenoM 
ol rocks and many other problema. 
Physical features la orlf^, Mstarical 
conoecUons, and meiudng ol many 

Contribute to determination ol the 



. Bear on history of eruptic 
mftgmatlo differentiation. 

b Cbaraoter ol manna as to i 
dated gases and solutions. 



. Associated lavaa indicate a volcanic 
center whose history should be de- 
ciphered If posjdble; tike extent, 
nature of enipUona. and degiee of 

. (a) Characters Indicate that beds 
are directly ol volcanic arl0n, 
have suffered Uttle transporta- 
tion, and may represent part ol 
old volcano. 

(b) Transportation and depodtion 
under conditions common to or- 
dinary clastlca. 

(c) Derived from explosion of 
Uquid lava. 



SBDIHBKTART ROCKS. 

listory of the earth's surface in past ages is recorded 
uy rocks. The geologist's interest in them Ib many- 
and above the purely petrc^raphie interest lies the 
the aedimente as geologic unite to be interpreted in 
I earth hiatory. Primarily this is a question of the 



hyGoo^le 



IN8TBUCTIONS FOR SPEGIAIi INVEfiTlGATtOMS. 95 

The clastic sediiaenta tell of older rocks destroyed, of detritus 
transported by various agenciee, and of depoution under many dif* 
fCiriiig cosditiona. Such depovta must, then, be studied for the light 
they may throw on the conditions and events of the epoch they 
repreeent. 

The sedimentary rocks other than claettcs are chiefly precipitates 
from solution and their most evident importance is in connection 
with the place and conditions of deposition. Most of these locka 
owe their origin to the action of organisme, directly or indirectly, or 
to the desiccation of isolated bodies of water. 

It is manifestly impossible to give here more than a suggestive 
outline of necessary observations concerning features of eedimentwy 
rocks, with hints as to their significance. 



Petrogrophic dtaracter. — Compsjatively little attention has been 
paid by petiographers to the inherent properties of clastic rocks. 
The meager terminology is evidence of this neglect. The difficulty 
of interpreting the conditions under which sediments werp deposited 
is no doubt due in part to imperfect knowledge of the character of 
the sediments themselves; hence closer study of the rocks is highly 
desirable for the advancement of both petrography and stratigrapliic 
geology. The nature of the rock particles in a sediment should be 
determined sufficiently to permit the use of appropriate names and 
descriptive terms and to lead to the reci^nition of peculiar or char- 
acteristic features of formations under investigation. "Sandstone" 
is too often used as a sufficiently exact litholi^ic term. It is imjior- 
tant to know whether the sand grains are quartz, feldspar, calcite, 
volcanic ash, or other materials of peculiar character. "Conglomer- 
atee" areoftendescribedwithnomentionof the character of pebbles 
or of the usual sandy matrix. Such deficient description is usually 
due to deficient observation. 

Source o/nwitmaJ*. — The mineral and rock particles of sediments 
should be examined with care for their evidence as to the character 
of existing land masses of a given epoch. By this evidence an impor- 
tant stratigraphic break maybe detected in an apparently conform- 
able series of beds— a break corresponding to overlap in some die- 
tricta. The pebbles of conglomerates and the particles of the coarser 
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gritfl and Baadstonm will trften yield thia inionnation on megascopic 
study, but Hpecimens for office examination should be taken. The 
tnicroscope may show that a certain Bandgtone is derived lately 
from quartzite and not from granite or other ^eous or metamorphic 
rocks. 

The Bite of land areas fumi^lmig debris is in some places indicated 
by increa«ng coarseness of conglomerates in the direction of their 
source or by restricted distribution of certain components. 

Tranaportalion and depoiition. — Rock detritus may now be seen in 
all ett^ee of transportatioD from sources far inland to the sea, and 
much is known of eubmaiiue deposits. Wind, ice, and water are 
visible agents of transportation. Presumably some ancient clastic 
deposita represent nearly every stage of each process of tmnsporta- 
tion. The recognition of the stage or process must be the ultimat* 
aim of the geologist. 

Most wind-blown material is in the end transported and deposited 
by .water, but glacial ddbria representing till or moraine may be 
preserved as such, with slight modification. Recent studies of cer- 
tain ancient conglomerates have led fa the belief that they represent 
till. The Bubangular form and striated faces of pebbles and the 
irregular texture of the matrix, showing no eridence of sorting by 
water, constitute the decisive criteria in this case. 

Sediments formed above sea level are grouped as continental. 
They clearly include lacustrine, river, and land deposits and the 
question of their importance relative fo marine beds among the 
ancient formations is one of the chief problems of modem stratig- 
raphy — a problem which the geolt^ist should have constantly in 
mind. Studies of nonfossUiferoue marine and continental clastic 
rocks of similar textures, tendii^ to determine critical differences 
between them, are much needed. The various phenomena of nearly 
all kinds of sediments must be studied together and finally inter- 
preted in the light supplied by the association of characters. 
- Attention has been particularly called to certain features of clastic 
sediments in illustration of tho preceding remarks, but it must be 
realized that characters not here referred to may be of great impor- 
tance in special cases. 

Foidli. — Fossils should be sought with great care in all depoaita, 
not only for their chronologic s^nificance but also for the evidence 
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tfaey fuTniBh as to conditions of Bsdimentation. Many marine and 
Ereeh-water beds are diatii^uiehable only in this way. Remains o{ 
land animals, especially of dismembered vertebrates, may exhibit 
marks of abrasion, auggestii^ the fluviatile character of the aedimeats 
containii^ them. It may be that fraginents of fossil wood or bone 
have been derived from older Btrata— a possibility to be kept in mind. 

Character qfparticlee. — The size and form of the particles in a sedi- 
ment are often highly significant. Large size and angular form indi- 
cate that fragments have not Buffered transportation to a great distance 
from their source. Small and rounded sand grains have presumably 
traveled far or suffered attrition by wave action. Fine mud is not 
necessarily the product of extreme transportation. It may result 
from erosion of fine-graiued deposits near at hand or from wind erosion 
in an arid r^on. 

Homogeneity of deposits is a factor of various aspects. It may 
indicate a near-by source of material — a land mass mainly of lime- 
stone or quartzite or some other prevalent rock — or it may tell of 
volcanic outburet, as in the caae of a tuff. On the other hand, there 
is a teitural homogeneity produced by long-continued sorting by 
water, in which size, specific gravity, or hardness of minerals sorted 
is usually the controlling factor. This is illustrated by a quartzose 
sandstone. 

Heterogeneity in chamcter of clastic components may testify to 
the destruction of a complex land mass; or, if the rock is a mixture 
of certain minerals in notably uniform proportion, as in some arkose 
griffl, a granitic or gneissic source may be inferred. 

Texture. —The uniformity or variability in texture of sediments 
should bo carefully noted . A stratum posBeasing uniformity over a 
great area implies uniform conditions in that area; the vertical 
extent of such strata tells of continuance of conditions in time. 
Such uniformity is most common in suba<iueous sediments but is 
also shown by some fluviatile and basin deposits. 

Variability in texture is indicative of restricted or rapidly chain- 
ing conditions, euch as those of moet continental and some offshore 
marine deposits. 

Bedding, — The bedding of sediments is of much significance. 
Where bedding planes are closely spa<;ed, notably even, and later- 
ally persistent, they tell of quiet waters and slow accumulation of 
44014-08 7 kG(.H>'^Ic 
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material; where they are far apart they show rapid accumulation, 
commonly in turbulent waters. Croae-bedding ia indicative of wave 
action or great river currente and muat be atudied in the light of other 
chaiactera of the strata. 

Color. — The color of strata is of extremely variable importance. 
Observation should deteimiiie whether a given color is character- 
istic of a fonnation, is reetticted locally within it, or traosgreeeefl 
ftnmatioti limita. The cause of ite color and whether this is of pri- 
mary or secondary origin muat be determined and these problems 
usually require office study. The color may pertain to the clastic 
particles, to the cementing Bubstance, or to a pigment of later origin 
than the deposit. 

The red color common to many formations is of particular interest. 
It is often considered diagnostic of the basin depoeitfl of arid regions 
or of material derived from such areas. The usual absence of foesUs 
in red beds and the ferruginous nature of the pigment are points in 
favor of a climatic significance for red strata. But certain red 
deposits are plainly derived from older red rocks and hence generali- 
zationB must be based on close observation. . 

ifofiiTi^s.— Various markings made on the surfaces of mud depos- 
its before tbey were covered and preserved by succeeding layers are 
of notable value in showii^ certain conditions of deposition. Mud 
cracks, raindrop pita, organic trail marks, footprints, etc., testify 
to exposed mud flats. These need not be of tidal origin, as is some- 
times assumed, but characterize as well the flood plains of rivers, 
mftrgjnH.1 plains about lakes, and the interior basin deposits of tem- 
porary lakes, especially in desert regions. Ripple marks and allied 
forms belong chiefly to the littoral zone of lacustral or marine beds, 
or to fluviatile detiositB. 

Cerrunt. — The cementing material of many clastic rocks is a 
strikingly characteristic feature. It may have been formed at the 
lime of deposition, as in calcareous sandstones and marls laid down 
in sea water rich in lime. It may have been gradually deposited 
from waters circulating through the porous rock long after its forma- 
tion, and although such cementation is a change in the character 
of the sediment it is not commonly included under metamorphism. 
The induration of a clastic tock may, however, date from some 
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period of intoDBe chemical sctdvity and thiu be claased as meta- 
morphic change. 

It is evidently deeiiable to iaveetigate the induntion of sedi- 
mentary rocks and determine the nature of the cement and, if 
poooble, the time (rf its depodtion. Lack of cement may signify 
that the sedimeat has never been satuiated by waters capable of 
depositing a binding substance or that solvent waters have abstracted 
the former cement. 



Chemical precipitates and rocka coudsting of organic remains are 
simple of interpretation as compared with clastic rocks, but tell 
little beyond the conditions of their deposition. 

Limestone is the most important sediment of chemical origin. 
Aa It is in many caaes produced by the aid, directly or indiiectly, 
of oimniBms, foeeilB are apt to be present and should be diligently 
soi^ht. Marine and freeh-water limeetonee are thus to be dis- 
tinguished. The name limestone is often indlBcriminately applied 
to carbonate rocks regardless of the amount of magnesium and iron 
carbonate that may be present. Material for investigation of com- 
position should be collected, and it may be desirable to carry a 
email bottle of hydrochloric acid to discriminate magneeian lime- 
stone. It is important to note the diaracter of impuritiee in Ume- 
stonee — their texture, fracture, bedding, and color. The cause of 
characteristic colors should be determined. 

Gypsum and salt deposits, even if not of industrial importance, 
are significaat of lagoons or of isolated seas, and usually testify to 
arid climatic conditions, which may also often be inferred for asso- 
ciated clastic sediments. 

The now recognized continental character of carbonaceous deposits 
derived from land plants sheds also much light on the nature of 
associated rocks. 
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A BUmmarized statement of the obaervationa t< 
mentary rocks is subjoined. 
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dafimed to mclnde those in which "the newly acquired chuHcter- 
istica are more pronounced than the old oiwb." It goes without 
nying, however, that all d^preea of metamonduam should be 
studied with care. Important etudiea both of weathering and of 
deep-eeated metamorphlsm require an appreciation of the proUema 
while in the field and an intelligent selection of material for detailed 
examination in the office. 

The obeerver must remembei that metamorphic rocks have a 
threefold interest. Firat, the rocta themaelyeB are notable becauM 
many of theii acquired chatacten, both of mineral composition and 
texture, are peculiar to them. Second, they represent igneous or 
aediiaentary masses and recognition of their original nature leads 
to information concerning epochs preceding the metamor^diiBm. 
Third, the procenea by which the metamorpbism baa been accom- 
plished are important from the phjraical and chemical as well as 
from the hiatorical standpoint. 

Fainstaking observation of megascopic characters is, if anything, 
more neccaoary than in unaltered rocks. Compared with igneous 
Eocks the cryBtalline scbiata exhibit marked variations in compo- 
sition and texture within a given geologic jnam, and study of theae 
featuree may fumtah important lines of evidence. By discriminating 
pbaaea of rocka varying degreea of metamorphiam may often be 
recognized, and where several stages are known both the nature of 
the original materials and the processes of alteration may be worked 
out. All Btagea must be represented by specimens for detailed 
study. I 

Different rocka acted on by the same agents differ greatly in their 
susceptibility to change. Tbua shales become alatea, giving evi- 
dence mainly of mechanical changes and often but slightly of 
chemical changes, whereas feldspathic sandstones and impure 
limestones are readily altered to highly crystalline schists. Con- 
glomerates or porphyritic igneous rocka often form the basis for 
layered schists, and some fissile hornblende scbista are traceable 
into diabase or diorite. 

la areas that have suffered r^ional metamorphism it sometimes 
happens that no trace of primary minerals or textures can be recog- 
nised and even larger structural features are greatly obscured. In 
such areas rocks rich in quartz or in calcite may furnish clues to 
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the deteimination of the ariginal sedimetits. Layering in schists and 
gneiasee may or may not represent stratification. 

In areas of contact metamorphism it is usually possible to deteiv 
mine the coiirse oE alteration by studying the pragreesive change 
in passing away from the intrusive mass. 

In studying all pbasea of metAmorphism it is of the greatest im- 
portance to determine if materials have been added or subtracted, 
one or both, or it only the subetancea of the original rock appear in 
the metamorpbic product. 

Metamorphism of all sorts may be attended by the segregation of 
metallic minerals and the formation of workable ores. 

Siiimnary. — The following points, therefore, are of prime import- 
ance in the study of metamorpbic rocks; 

(a) Determine the large features and structural relatione of the 
original rocks considered as formations. 

(6) In all classes of metamorpbic rocks seek the most and least 
altered phases; estimate the nature of change from one to the other. 

(c) Study all phases of alteration in order to establish a progrea- 
eive series. Kven if incomplete such a series may indicate the 
processes of alteration. 

(d) Distinguish mere mechanical metamorphism from molecular 
and chemical change. 

Observationa in Stniotaral Oeolc^. 

The facts of geologic structure should be gathered for three 
purposes: 

(a) For use in determining the thickness and sequence of forma- 
tions and indirectii^observationsin tbefield. 

(6) For controlling the drafting of maps and sections. 

(c) Fordecipherii^thehiBtory of the earth. 

For immediaU field purpoiei. — It is obvious that dip and strike 
should be observed in order to calculate the thickness and sequence 
of the rocks. Once those factore are determined they can be used to 
detect other Btructures, like faults and duplications that may be 
locally obscured . 

Metamorpbic products also muet be observed in order t« trace and 
correlate formations which were or^inally the same but now are 
locally changed. 
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An early underetandii^ ot the faults and folds of & region is easen- 
tial to mapping and guides the geulogiet to critical localities. So, too, 
it is of the utmoet importance in the etudy of economic deposits, some 
of which, like coal, oil, and gas, are more or less available according 
to their position in the folded and faulted strata. Metallifetoua 
deposile may follow the contact of two formations, lie in certain 
fisBures, follow fault planes, or fill the lower part ot the aynclines, and 
to mine them best an intimate knowledge of the structure is needed. 
A knowledge of the relation between deposits and structure will lead 
to the discovery of new and unsuspected deposits. 

For drafting pwpoees. — In the drafting of maps a knowledge of the 
dip of strata along the formation boundaries is essential in order to 
show properly the curving boundary lines produced by various 
topographic forms. These variations are of small consequence where 
the dips are over 60°, but are of radical importance it the dips are 20° 

In drafting structure sections a knowledge of the dips of the strata 
will frequently determine the presence of a fault, where in the body 
of a formation there are no visible offsets or dislocations. It seems 
hardly necessary to state that the dips should be recorded in the field 
as well as seen, but there is a common tendency to omit them from 
the record. A proper procedure is to put into the notes the dip and 
strike of every rock about which any comment is made. This sug- 
gestion applies to dips of cleavage and schistosity as well as to those 
of stratification. 

For hutorical purposes. — Most of the facts that are noted in regard 
to rocks record their environment — the conditions which led up to 
their production. Still other events, those that followed the forma- 
tion of the rocks, can be deciphered from their structure. In the 
sedimentary and igneous records there are many gaps. These are 
bridged, in part, by the facts of structure. 

One series ot rocks may rest across the beveled edges of an older 
series, thus showing that the earlier rocks were uplifted, worn away, 
and depressed again by further movement before the later rocks were 
deposited. The pressures may have been great enough to fold or 
break the older rocks, or even to alter their minerals, while similar 
facts may not be shown in the second series. These are signs of the 
greater earth events and from them the geologist infers that the time 
between the series was of great duration. i 
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Some large areas axe characterized by faults of normal type. It 
may be concluded from this fact that the thin layer now vieible has 
been defonned without horizontal compression and haa merely 
accommodated itself to the disturbed underbody of the earth- 
Other great districts exhibit rocks folded in troughs and arches, 
or piled over each other on faults. Such facte clearly indicate that 
the visible part of the earth's cruet haa been enormously compreeaed 
and shortened horizontally. 

Still another region may contain rocks whose textures and min- 
erals are more or less altered from their original condition. These 
phenomena show clearly that either the presBuree producing them 
or the load of overlying rocks were at their maximum and entirely 
overcame the strength of the metamorphosed beds. 

Thus, in one part of the country or another, rocks are now exposed 
at the surface which slowly came up to it from greater or lees depths. 
They contain records — fi^mentary, it is true— -of the conditions 
throi^h which they passed at diSerent levels. 

A gabbro, for instance, may have been intruded into other rocks 
at a very great depth. Dynamic movements at some later time 
combined with the weight of overlying rocks to transform this rock 
into a hornblende schist or gneiss. In difierent parts of its mass 
both altered and unaltered phases may still be found. By erosion 
the mass approaches the surface and lies in succession in the zones 
of flowage, of fracture, and of weathering. Evidences of processes 
in all these zones may be found in the rock — close-knit crystalline 
minerals for the first; joints and dislocations more or less filled by 
later minerals for the second; and gradual expansion, disint^ra- 
tion, and hydration for the third. During this rise to the surface 
the rock may have been affected by a second compression, and the 
structures produced by this process will be seen modifying those of 
the first. 

In brief, it can be seen that the record of structural geology begins 
where that of sedimentation or intrusion ends, and that each is a 
necessary complement to the other. Concurrent with and modify- 
ing each were the processes of erosion. These furnish a record of 
still broader and simpler dynamic movements— those of uplift, 
depression, and warping. Some large districts are marked by an 
almost entire absence of geologic structures. In them the geolo- 
gist's insight into the past is sadly limited. 

h,Goot^le 
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ffladeiB Bind Qlaokl Deponta. 

Exiiliag ■mminlain glaciera,— It ia of importance to note the phe- 
nomena of existing glaciers, both because of their own interest and 
because of their value as indicating general atmospheric and cli- 
matic conditions and also as affording a means of interpreting the 
mode of action of ancient mountain and continental glaciera and 
the part played by them in the history of the earth. 

Observations should be made wherever possible on methods of 
erosion, derivation of the drift, transportation, and depoaition. 

Note should be made of indications as to whether the ive is ata- 
tionary; advancing and crowding on moraines and bordering ter- 
races; encroaching on lakes, marshes, or forests; discharging icebergs 
to the sea; or retreating from its moraines. 

EarlUr mountain gladatian. — It is of importance to ascertain the 
conditions prevailing in the mountain districts of the West during 
Pleistocene time and to develop means of correlating glacial phe- 
it of the mountains and of the plains with nonglacial phe- 
t, such as those due to lacustrine, fluvial, and marine agencies 
of the same time. 

In some places earlier prevalent conditions were so different from 
those of the preeent that glaciera occupied valleys and slopes which 
are not now glaciated and many of these earlier glaciera extended to 
lower altitudes, some of them reaching the seacoaat or lacustrine 
basins in such a manner as to afford means of determining the time 
relations of the glaciation and the submergence. 

Wherever possible observations should be made on the deposits 
of earlier and more extensive glaciers, and these should be dis- 
criminated carefully from nonglacial deposits. For example, in 
examining the high-level gravels of the mountain districts and simi- 
lar deposits look for faceted aiLd striated pebbles and bowlders, lack 
of assortment and stratification by water, and the preaence of 
erratics too large for water transportation; note the maximum size 
of stones and their topographic situation; look tor glaciated rock 
surfaces near or beneath the deposita. 

Fleiitocene continental i/laciation. — In the study of Pleistocene 
glacial phenomena it has been determined that the epoch did not 
consist simply of the development, extension, and melting of a single 
continental ice sheet, but that, onthecontrary, there were successive 
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stages of glaciation, each marked by the development, extenmon, 
and final melting of an ice sheet; that these glaciers deployed from 
mofe than one center and differed considerably in extent and in the 
directions of their movement; that the stages of glaciation alter- 
nated with etagee of deglaciation, when such climatic changes 
occurred as resulted in the melting of the ice sheets, the develop- 
ment of new soils, and the introduction of new faunas and floras. 
During these stages of glaciation and deglaciation a great variety of 
phenomena were developed ae a consequence of variations in the 
extent of the different advances and retreats of the ice fronts and in 
the methods and amounts of erosion, transportation, and deposition. 
The character of a laige part of the northern half of North America, 
and its adaptability to human habitation or at least to the carrying 
on of particular pursuits, are in large measure a consequence of these 
geologic procesaes. ( 

Much of the science of glaciology is still in a formative stage; fot 
instance, the number of the glacial and interglacial stages, their 
relative length, the character of the attendant climatic changes, the 
attitude and altitude of the diflerent parts of the continent, the rela- 
tion of glacial phenomena to nonglacial phenomena south of the drift 
limit, and many minor phenomena are not yet satisfactorily demon- 
strated, nor are the causee of Pleistocene glaciation yet bo well under- 
stood as not to need the development of new hypotheses. It ia there- 
fore of importance'that a large amount of detailed data baaed on care- 
ful observation be accumulated, not only ss the means of inter- 
preting the geology of particular areas but for the development of 
the science itself. From the nature of the cape, dependent as con- 
tinental glaciation wason the climate and geography over wide areas, 
it is necessary that the study of the phenomena be carried on tliroi^h- 
out areas of great extent and under widely varying conditions, and 
observations ehould^he'made wherever possible. For instance, in 
determining the age of a particular glacial deposit it is impossible 
merely by collecting and' identifyin^fossila to refer the deposit to 
its proper hori/on. If the stratigraphic' relation can not be traced 
directly, the geologist i^dependent'on the obeervation and correla- 
tion of a large mass of data concerning the composition of the depoeit, 
derivation of material, direction of ice movement, degree of decom- 
position by weathering, maturity of development of the drainage 
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Byeteme thereon, and other phenomena in order to form a. triable 
opinion concerning its age. 

As a basis for the glacial etudy it is eesential to have some knowl> 
edge of the general geology, thte constitution and attitude of the 
different rock formations, and their relation t« the topography of the 
bed-rock Burface, both in the area to be studied and in the lef^on 
traversed by the ice in reaching this area. The action ot the ice in 
deploying, in eroding, and in forming the several cUsses of its 
depositB depended laigely on the configuration of the bed-rock sor^ 
face overridden by it. For a knowledge <rf the character ot this sur- 
face beneath the drift a study should be made of the etreams with 
reference to their continued occupancy of or diversion from their pre- 
gUcifll com-seB. Tor this purpose the character, locations, and di- 
mensions of rock gorges, falls, and ispide should be examined mth 
reference to the broader parts of the valleys that are now wholly or 
in part filled with drift. Records of wells and other drillings afford 
the means of tracing these buried watercourses. The study of the 
relations and dimensions of the earlier and later watercourses and 
the presence of glacial drift, loess, and lacustrine or other deposits 
in them may afiord measures of the time elapsing before, between, 

The composition of the drift in various parts of an area depends 
on the character of the rock formations overridden, so that the two 
ahould he studied together. The presence, as constituents of the 
drift, of rocks not otherwise known to occur in the region (such as the 
occurrence of diamonds in the drift of the Mississippi Valley) may 
also give clues as to their character and locations. Rough analyses 
of the lithologic composition of the drift may readily be made by 
taking indiscriminately from a section of drift one to several hun- 
dred pebbles and sorting accordi:^ to their character. In doing 
this, however, note should be taken as to the contribution of friable 
aandstonee, soft shales, etc., which are easily comminuted but do 
not persist as pebbles or bowlders. 

Study of the distribution, structure, composition, and mode ot 
origin of the several forms of deposits made by glaciers and their 
attendant waters, besides its general application, affords the means 
of working out the details of local geologic history and of explaining 
many features of the topography which are of great interest, espe- 
cially in educational work. i 



108 HANDBOOK TOR TJXLD OBOUMHBTa. 

ExpoeureH of inteiglAcul boUb aitd vegetal depoeita are laiely 
Been and where found should be carefully studied, m the inchidod 
(oguuc remaiiu may aSonl important evidence ae to the climate 
and conoequent probable extent of deglociation of the repon. The 
Itxstion of snch a dapoat relative to ita distance from the margin 
erf the overlying drift may have like import, even if the deposit 
is not exposed but only known to have been penetrated in drillinga. 
Where no organic remains occui the de^iee of weathering aikd of 
leaching of calcareous drift in connection trith a buried wnl may 
oSord data as to the interval elapeing between the melting of tbe 
eariiw sheet and the burial of the drift by subrnquent deposition. 

Schedule 4 (p. 123) indicates pbenomena on whic^ observatMms 
should be mode wliere there is opportunity. 

InTesti^tiaQ of Fnatoui and SemipiecnenH UetaUiferoiu BepoRta. 

After as thorough a study of the general geology of the district as 
possible has been made, the following points in connection with the 
ore depOBJtB should receive apecial attention; 

Openinga in rocks. — Since most ore bodies are deposited by aqueous 
Botutions, the channels through which such solutions circulate are of 
great importance. An opening of any kind may serve as the seat of 
ore deposition. A cave in limestone, a permeable bed such as a 
sandstone, a conglomerate, or an amygdaloid may furnish the open 
spaces uecesaary, but moat of the metalliferous ore deposits are 
related to openings which have resulted from movement. It is 
desirable to studythe character of the openings and their relations to 
each other, to jointing, and, if tliey are in sedimentary rocks, to 
bedding. It is not always possihle to obtain data regarding the 
fissure itself, for processes which attend deposition frequently ob- 
scure the evideuce of fissuring and the ore body may be the only 
evidence of the opening which remains. This is especially true of 
replacement veins in limestone. 

In some places certain rocks have been formed more recently than 
the ores, and where this is so it is desirable to establish the fact as 
definitely as possible, tor it is obviously of great economic importance. 
Again, some rocks because of their greater cruahii^ strei^ith are 
better adapted to holding fissures open than are other rocks. A 
porphyry, a limestone, or a quartzite may have a high cruehing 
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Bbength and ao hold the fiMure open and permit mineral izatioB, 
whereas in shale, iriiich ia more mobile, the opening may be closed. 
It is important, Uierefore, to note any daagee in the character of the 
lode aa it paaeee from one rock to another. 

FiHHures more recent than the ore body may ctobs it and brecciate 
the ore. Those should be carefully etudied and located on the mine 
map. If there hae been dieplacemoit along them, its chaittctei, 
direction, and extent should for obvious reaBons be ttudied with 
especial care. For convenience the veins have been divided into 
simple fisBure Gllii^ ajid replacement or metasomatic veins; but it 
ehould be borne in mind that the two classes are connected by tran- 
sition fonuB, 

Simple fittvre fiUingt.—The wall rock of an ore body has nearly 
always been changed by the solutions which deposited the ore, bvt 
if the country rock ie not eitenaively replaced by ore minerals the 
vein may be called a flseure filling, (a) The thin, tabular form ii 
more or less characteristic of such a deposit, (b) The contact with 
the country rock ta usually aharp and distinct, (e) Angular frag- 
ments oi the walla which were broken off and lodged in the vein may 
be bat little altered, bo that their edges atill remain rfiarp. (d) Cavi- 
tiea with crusted banding and well-formed cryatala pointing to the 
center may ordinarily be taken aa good evidence that the ore waa 
deposited Ln an open apace, and cruatifonn banding of the vein pat- 
allel to the walla usiially indicates the same thing. 

Many of the fissure veins in the West were formed at moderate 
depth and in open spaces which presumably connected freely with 
fee Burbce. Certain minerals are formed imder anch conditions and 
these are discuaed briefly on page 112. 

Rtplacement veiTu.— Replacement veins have been formed by aolU' 
tions which circulated through openings in rocks but which also had 
the power of dissolving the waU rock and replacing it with ore. All 
rocks are replaceable under some conditions, but a given solution will 
not as a rule replace all kinds of rock. Replacement veins may 
feerefore be found in igneous rocks, in limestones, in qnartEitee, at in 
■h^ea, but it is i^^y that all these rocks are replaced in one mining 
district. 

The openings through which the solutions circulated may have 
been very small, while the resulting deposit is comparatively large. 
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Still, th« depoBite are related to fiaaurea uid in » broad way they re- 
semble fissure filling. Many of them are thin tabular in form, but 
they are apt to be much leaa regular in detail than fissure fillings. 
(a) The nodular shape due to irregular swellings along both dip and 
strike is more or lees characteristic . (b) The contact with the wall 
rock is as a rule gradstional and not sharp and distinct as in fisHure 
fillings, (c) Small angular fragmenta of the country rock sur- 
rounded by vein matwial are not often found in such deposiM, except 
where there has been brecciatiou since the ore was formed. Ob- 
viouriy such small pieces of replaceable rock would have been very 
readily attacked by the replacing solutions, (d) Cavities are some- 
timee found in such deposits, but they have been formed by move- 
ment or by solution since the ore was deposited or they represent 
unfilled p<»:tions of the opening along which the replacing solutiona 
circulated. («) At favorable places, especially where dust has col- 
lected on the wall, it may be possible to observe the bedding and 
jointing of the replaced rock in the ore body, which is in a broad 
way pseudomorphouB after the soluble rock. 

Uany replacement deposits in limestone follow the original bed- 
ding of the rock. This may be due to varying permeability or 
solubility of beds. Very commonly the roof above such a deposit 
is 8 relatively impervious ehale. Many bedding-plane deposits, 
however, seem to be related to planes of movement or bedding-plane 
faults. The irregular pockets or chimneys of ore replacing limestone 
may be puzzling, for the fissures or veinlets which lead to them may 
be very small indeed in comparison with the chamber of ore, but 
when they are worked out completely some opening through which 
the solutions may have entered is nearly always found. The min- 
erals of replacement veins do not always differ markedly from those of 
fissure fillings. Replacement veins as a class are connected by all 
gradations, both of form and mineralogy, with filled veins on the 
one hand and with replacement deposits of contact-metamorphic 
origin on the other. 

Rtplaeement depoiitt of corUact-metamorphie origin. — These depooits 
occur in various rocks near intrusive igneous manes, but particularly 
in limestones. As a rule they are at or very close to the contact, 
but some are known several hundred yards away. The ore minerals 
are so intei^jrown with silicates characteristic of contoct-metunorphic 
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action SB to show that all were formed contemporaneously under the 
influence of the hot igneous maw. In shape the txe bodiee are very 
iiregulai in detail, and most of them at« not clearly related to fia- 
suring. The solutions which deposited them were so hot and under 
BO great pressure that presumably they could penetrate such minute 
openings as the interstitial spacee between grains or the cleavage 
cracks of minerals. The deposits therefore do not d^end so di' 
rectly on Assuring of the country rock and they may not be even 
broadly tabular. Some of the minerals formed in such deposits are 
discussed below. 

Mineraloffical ttudy, — The mineralogy of the ore should be studied 
both for scientific and practical purposes. The value of the ore may 
be ascertained partly by a knowledge of the value of the minerals 
contained, but frequently HSsays may be necessary if accurate iufor- 
mation on this point be desired. The mineral composition will also 
suggest suitable metallurgical proceeses for saving the values, and 
any data at hand sbould be recorded for the use of the metallui^ist. 

Investigation has shown that, althoi^h most minerals may form 
under various ciicumstancea, certain minerals and particularly cer- 
tain groups of minerals are characteristic of certain physical condi- 
tions. They may accordingly be used as indicative of the condi- 
tions under which ores containing them were deposited. Lindgreno 
gives the subjoined list of persistent minerals. Since they are 
formed under many conditions they have little diagnostic value in 
showing the genesis of a deposit. They are pyrite, chalcopyrite, 
bomite, araenopytite, galena, zinc blende, gold, quarts, fluorite. 

Minerals more or less characteristic of contact-metamorphic de- 
posits and veins deposited under great temperature and pressure 
are, acctrding to Lindgren, pyrrbotite, magnetite, specularite, gar- 
net, andalusite, ataurolite, tremolite, dit^Kdde, epidote, scapoUte, 
tourmaline, etc. 

The following minerals, in addition to the persistent minerals, 
may be found in fissure fill logs or in replacement veins formed 
at relatively low pressure: Marcasite, cinnabar, tellurides, silver 
and copper araenatee and antimonates, stibnite, argenldte, chlorite, 
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epidote, adularia, celeetite, dolomite, eiderite, etc. Among the min- 
eralfl which may reault from eecondary enrichtnent ot other processes 
that are dependent on oxygenated waters are quartz, chalcedony, 
limonite, pyroluaite, cuprite, kaolin, gold, silver, copper, pyrite, 
galena, chalcopyrite, bomite, covellite, chalcocite, aigentite, with 
sulphates, carbonates, phosphates, arsenates, and chlorides of the 
metals. • 

Stcondary enrichment.— Aa a deposit is eroded some minerals go 
into solution more readily than others. (Sold, which is relatively 
insoluble, may remain, while some of the other constituents are re- 
moved . Thus a concentration takes place. As the sulphides oxi- 
dize sulphate solutions are formed and these may dissolve Bmall 
quantities of the precious metals. If the lode is much fractured the 
descending sulphates may be reduced, the solutions depositing part 
of their burden in the cracks of the iode. Thus these fractures in 
the lode will contain a set ot minerals some of which are difierent 
from those of the primary ore. These minerals are included in the 
list of secondary minerals given above. It may happen that the 
deposit is explored in depth beyond the point where it is extensively 
fractured or beyond the point to which oxygenated waters descend; 
in this case the primary minerab alone will be found. It is obviously 
important to note the differences in value of the primary and sec- 
ondary ore, so that some general recommendations as to the desir- 
ability of exploration in depth may be made. 

Pay shooU. — Few veins are payable through the entire length of 
the strike or dip, the profitable ore being ordinarily limited to a 
certain portion of the vein. Such masses of valuable ore are called 
pay shoots and in many veins form tabular bodies of fairly r^ular 
elongated outline. The inclination of a pay shoot from the hori- 
zontal on the plane of the vein is called the pitch. Its longest di- 
mension is called the pitch length; the term "slope length" refers 
to its horizontal dimension along the drift following it. Pay shoots 
may result from primary deposition or from secondary enrichment 
by surface waters. The origin of pay shoots is not always easy to 
ascertain . Many of them may be attributed to mingling of the solu- 
tions which deposited the primary ore. The enriched portiwi of the 
deposit is often found along or in close proximity to intersections of 
two fissures that were paths for circulation. An intersection of a 
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flasure and a bed which for chemical and physical reaaons is fetvoiable 
to deposition may also he a locus of enrichment. 

Ccemmernal and iMtallvrgical amndetaiMn*. — Wood, watef, power, 
and facilitiee for tranaportation are important coneiderationB in min- 
ing development. The aucceBs o( failure of a camp aometimea de- 
pends on the auccesH or failure of a metallurgical proceea. Gold ores 
of very low grade may be worked by cyanide processes, for the coet 
of treatment la often not more than $2 or $3 per ton. Silver ores 
are more expensive to treat, even if the values are in native ailver, 
horn ailver, and ailver svdphide — minerals which may yield their val- 
ues on amalgamation in pans without njaating. On the other hand, ii 
arsenates, antimonates, and other undeeitable elements are present 
the ore muat be roasted before amalgamation, and the millin g costs are 
then likely to be considerably higher than (6 per ton. Zinc blende 
in ailver ores is detrimental where ailver ores are shipped to smelten. 
Highly siliceous ores are expensive to smelt because they require 
more flux, but very highly ailiceoua ores may be uaed for lining 
copper converters and for that reason may have additional value. 
Ores rich in iron and lime have a low treatment charge, for these 
elements are good fluxea. Although the geologist is not supposed 
to be a metallurgical expert, he should record such information re- 
garding the treatment of the ores as he can gather in the course of 
his proper work. 

Investigation of FlaoerDepodtB. 

Thestudyof the general geology in connection with placer deposits 
differs in no way from that of other field work, except that special 
empbaaiB should be laid on the investigation of (a) the distribution 
ot the mineralization in the bed rock from which placer deposits 
have been derived and (h) the distribution and geneEoa ol tlxe 
alluvium. In connection with the latter subject the geologist is 
reminded that a careful search for fossils should be made and also 
that phyuogiaphic studies may yield valuable reaulta. 

Every efiort should be made to obtain a complete and detailed 
section of the deposit in which the valuable mineral occurs, from 
the surface to bed nick. It poaaible, such a section should be 
obtained by personal observation and actual measurement. If 
this is not possible, the observations should be supplemented by 
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data obtained from mine operatore, auch. aa records of ehafts, drill 
botes, etc. The section should cbow the details of (a) the cover, or 
overburden; (b) the pay streak, or that portion of & deposit carrying 
the mineral sought after; and (c) the floor upon which the pay streak 
kbU, including a statement of ita surface conBguration, texture, 
lithology, etc. In addition to these vertical sections, attempts 
should also be made to learn the horizontal distribution of the 
deposits, together with their relations to the topography. In all 
this work drawings should be made showing detailed vertical and 
horizontal relations of important features. 

One of the most important economic results to be achieved iB an 
estimate of the extent and value of the placer deposits. Such 
information is none the less valuable because as a rule it ia not 
published, for the geolc^st can intelligently discuss the probable 
life of any particular placer-mining district only by bavii^ data 
at hand which will yield some information in regard to both the 
cubic content of the deposit and the contained valuea. Effort 
should therefore be made to ascertain the facts bearing on this 
subject, and much of the information must necessarily be obtained 
from the mine operators. 

Data bearing on the water supply available for mining purpdees 
should be collected, and in this connection climatic conditions, 
Bucb as rainfall and temperature, should be considered. As in 
other minii^ operations, the question of fuel and timber supply 
is important and should receive consideration. Facts which will 
permit the preparation of an accurate account of the history of the 
discovery and development of the mining district should also be 
procured while in the field. With this work should go the collection 
of information on production, especially in the older districts, 
where reliable statistics of output are usually not available from 
published reports. Cost and methods of mining can not be intel- 
ligently discussed if the data in regard to price of labor, transporta- 
tion, and supplies are not at hand, and these subjects should there- 
fore receive attention. This investigation will necessitate a con- 
sideration of the ge<^mphic position relative to navigable waters, ■ 
railways, wagon roads, trails, etc. 
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InveBtigation of Oil and 6m Fieldg. 

A comptehenHive knowledge of the general geology— especiftUy of 
the atmtigraphy and atnicture — k highly essential as a basis for work 
on oil and gaa fields. The etratigraphy muat be knows in order to 
interpret well loga correctly and to determine (a) the character of the 
oil or gas bearing stratum and its capacity for holding and yielding 
the hydrocarbona and (6) the character of the overlying beds and their 
Adaptability tor retaining these compounds . The beds concerned as 
reeervoiia aoid cover should be carefully studied and their thickness 
determined on the outcrop. This may be at a considerable distance 
fromtheoilorgaapool,and the beds should be traced from the outcrop 
to the pool under investigation by the collection of as many logs of 
wells in the intervening region as possible. In general the collection 
of logs of wild-CBt wells outside of the productive territory ia espe- 
cially desirable. The importance of structure is such that it must be 
determined with a much greater d^ree of accuracy than is generally 
necessary for other purposes. In most oil and gas fields the structures 
aie not sufficiently pronounced to be traced by determining dips with 
a clinometer. It is therefore necessary to coimect the outcrops of 
aome easily identifiable bed by level lines, which are also tied to all 
wells whose Ic^ can be obtained. The method of obtaining, from 
surface observations and well logs, a contoured representation of the 
oil or gas sand is fully explained by W. T. Griswold in Bulletin No. 
318 and should be familiar to the geologist working in fields to which 
it is applicable. 

In certain oil fields — for example, in BouthemCaUfornia, where tlie 
oil occurs in post-Paleozoic rocks—the structures, both folds and 
faults, may be so strongly developed that they are readily determined 
by ordinary means and without leveling. In others, as in southeast- 
ern Texas, no means are available for determining structure except 
the well ]ogB and surface relief. The relief should therefore be 
minutely examined, tcgether with all indications furnished by min- 
eral springs, oU seeps, etc. 

Tact is required in obtaining information from operators and drill- 

They should be impressed with the benefit to themselves that 

will result from the assembling of all available information regarding 

the underground conditions of the field and with the necessity for 
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their coopention. Tbey ahould beusured thAt confidential infor- 
mation will not be divulged under any circumBtAncee and must never 
be given groimd for complaint on this score. Explicit permianon 
ahould be obtained from the owner or superintendent before queo- 
tioning drillen, but when it is obtained they should be queotioned 
thoroughly, 

Sohedulet, 

The following schedules cover the more important subjects and 

dasses of deposits which will come under the observation of field 

geologists. Observations on other deposits should follow the general 

lines indicated in these schedulee. 

A. Puregeoli^y: 

1. Description and interpretation of land forms. 

2. Petrology. 

3. Structure. 

4. Glaciers and glacial depomts. 

B. Applied geology: 

5. Precious and semipredoua metalliferous ores. 

6. Placer deposits. 

7. Iron ores, ocher, manganese ore, and bauxite. 

8. Stone; (a) Sedimentary rocks; (b) igneous roclca. 

9. Road materials: (a) Rock; (6) gravel. 

10. Cement materials and lime. 

11. Clay and shale. 

12. Sand and gravel. 

13. Coal. 

14. Oil and gas. 
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1. Location: District, qnadniDgle, map reference. 

2. Beliet 

I. General. 

(1) Amouat with reference to sea level and local grade 

■ (2) Character— plain, plateau, mountain; proportion of 

each kind. 
(3) Aieal relationa (often beet illustrated by eketcli). 
n. Cmnponent parts. 

(1) Upland: (d) Area of undiasected surface and ground 

plan; (6)slope — direction and amount; (c) relation 
to structure and lithology— faults, folds, texture, 
etc.; (d) residual deetnictional forms— monad- 
nocke, old stream channels, beaches, scarps, etc.; 
(«} residual constructional forms — terraces, deltas, 
dunes, beaches, fans, lava flows, volcanoee, etc.; 
(/) soils and v^etation; (g) origin — glacial, ma- 
rine, wlian, fluviatile, lacustrine, volcanic, etc. 

(2) Valleys: (a) General areal distribution; (b) size of 

main and side valleys and ground plan; (c) slope 
of walls and floor; (d) relation to structure and 
lithology; («) constructional and destructional 
forme; (f) relation of size of valleys to size of 
streams; (g) captures and incipient captures; (h) 
stage of development — young, mature, old, etc.; 
(t) soils and v^etation; (j) origin. 

(3) Spurs: (o) Size; (6) shape — skeletal, maseive, fac- 

eted, straggling, etc.; (c) slope— emooth, steep, 
benched, irregular, etc.; (d) relation to structure 
and tithology; (e) origin. 
m. Relation to adjacent regions or typee: (a) Gradual merg- 
ing, boundary ill defined; (b) terminated by the 
sea, folding, faulting. 

c..„,.,aj?ogle 
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3. BeUtton of enviromaent to life. 

I. Uan: (a) Occupations — mining, grazing, agricnltnie, 
hunting, etc.; (b) constructions — roads, Tailroads, 
ditchee, buildings, wellH, pover plants, etc.; (c) 
peculiar cbaiactere. 
II. Animals and plants (very brief treatment of larger charac- 
ters only); Kinds, distribution, peculiar characteiB. 

4. Historical Hummary. 

I. Physiographic cycles: (a) Number and extent; (6) stage 
reached in each— youth, maturity , etc. ; (c) tonus belong- 
ing to each; (d) origin. 
II. Interruption of cycle caused by (o) uplift — doming, fold- 
ing, faulting, etc.; (6) depression — toldii^, faulting, dif- 
ferential tilting, etc.; (c) volcanism — extrusion, erup- 
tion, effusion, etc.; (d) climatic change — glaciation, 
deglaciation, deeiccation, increased precipitation ot 
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BCHBDULE S. — Patrdogy. 

1. Location: (a) Quadrangle or other map reference; (6) with ref- 

«rence to topography; (e) nature of expoaures or section, 
method of meaaurements — horizontal, vertical, angular. 

2. IgneouB rocks. 

(1) Fetrogiaphic character: (a) Mineral composition; (b) tex- 

ture; (c) variatioDB In compoaition and texture; (d) 
specimen numbers. 

(2) Mode of occurrence: (a) Form— bathotith, laccolith, sheet, 

dike, neck, et«.; (6) aize; (c) position. 

(3) Bdations: (a) To other igneous rocks; (6) to other forms 

of the same rock; (e) to associated sediments; (if) inclu- 
sions. 

(4) Contact metamorphiam: (a) In the igneous rock; (b) in 

the Bseocialed rocks — alteration of form, addition of 
mineral substance, substitution of mineral substance 
(injection). 

(6) Decomposition: (a) Hydrotbermal; (6) decay; (c) mechan- 
ical disint^ration; (d) character of resulting soil. 

(6) Origin (inferred): (a) Plutonic; (6) effusive. , 

3. Sedimentary rocks. 

I, Clastic rocks; make numerous detailed measured sections, 
observing and noting— 

(1) Petrr^raphic character: (a) Essential constituent min- 

eral grains — size, shape, color, arrangement, etc.; 
(6) accessory constituente; (e) cement — primary or 
secondary; (rf) veins — composition, amount, color, 
etc.; (s) color — original or secondary; (/) specimen 
numbers. 

(2) Bedding: (a) Beds — thickness, uniformity, regularity, 

relation to size of grains, etc.; (6) bedding planes — 
mud covered, micaceous, ripple or current marks, 
mud cracks, rain pits, trails, borings, tracks, tucoids, 
etc.; (c) cross-bedding — dip, direction, etc. 

(3) Fossils; make abundant collections and observe (a) 

distribution; (b) position; (c) if waterwom; ((f) in 
pebbles, etc. 
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8. Sedimentary rocks — Continued. 

I. Clastic rocks — Continued. 

(4) Concretions: (a) Compceition — eiliceouB, cdcaieoiu, 

phoaphatic, pyritic, etc.; (6) form, distribution, 
abundance; (c) relation to particular beds, to fosaib, 
etc. 

(5) Unconfonnitiea: (a) By erosion of under beds; (6) by 

overlap of upper beds; (c) angle; (rf) extent— gen- 
eral or local; (e) relation to conglomerates. 

(6) Special structures: (a) Contorted beds; (b) indigenous 

conglomerate; (c) lenses, etc. 

(7) Origin (inferred): (a) Source of materialB; (6) agency 

of transportation and deposition — marine beach, 
streams, wind, glaciers, etc. ; (e) conditions at 
source of material and point of deposition. 

(8) Classification and correlation: (a) Foimation name; 

(6) limits; (c) compare and contrast with correspond- 
ing aectiona etsewbere. 

II, Chemical and organic rocks. 

(1) Petrographic character: (a) Ewential mineraUigical 

constituents; (b) accessory constituents; (c) tex- 
ture; (d) variations in composition and texture; (e) 
color — original or secondary; (/) specimen num- 
bera. 

(2) Bedding: (a) Beds — thickness, uniformity, r^ular- 

il-yi C*) bedding planes. 

(3) Foedls; make abundant collectione and observe (o) 

distribution; (6) relation to composition of beds, 

(4) Concretions: (a) Compocdiioii; Ifi) form; (c) relations, 

etc. 
(6) Unconformities: (o) Erosion; (b) overlap; (c) extent, 
etc. 

(6) Special etnicUirea. 

(7) Origin (inferred): (a) Source of materials — saNnlial, 

secondary; (b) conditions of depoeition — conti- 
nental, estuary, inclosed baan, ptaya, flood plain, 
swamp, etc.; marine, deep sea, littoral, reef, et«. 

(8) Classification and correlation; (a) Formation name; 

{b) limits; (c) compare and contrast with ctare- 
pponding sections elsewhere. ,, OtlDQlc 



1. Location: Hap reference. 

2. Htmoclinei. 

(1) FKta to be obeerved: (a) Of the beds — dip, strike, wftving, 

etc.; (b) of the Btructuie u a whole — length, r^ularityi 
tenniiutioDB, ralation to faulta, folds, rel&tioa to topogn- 
phy, etc. 

(2) daaaification based on observation and inlwence — siniple, 

warped, faulted (basin-Tange structure). 
8. Fddfl. 

(1) Facts to be oboerved: (o) Of beds— dip, strilce, crun^ling, 

thinning; (6) of axe»— podtion, direction, pitch; (c) of 
the folds aa a whole — length, regularity, overlapping, 
relation to topc^raphy, etc. 

(2) Classification based on observation and inference — order of 

magnitude (major or minor), symmetrical or iinsym- 
metrical (axial plane, vertical or inclined), overturned, 
closed (isoclinal), domed (quaquaversal), cross, pitching, 
Echelon, faulted, etc. 
4. Fanltfl. 

(1) Facts to be observed: (a) By direct observation where 
ej:poeuree permits-dip or hade (complement of dip), 
strike, throw, brecciation, drag, slickensides, relation to 
bedding, relation to other stnicturee (folds and faults), 
joints; (i) by indirect determination where exposures 
are poor — dip, strike, throw, direction of displacement, 
length, regularity, relation to other structures and to 
topc^Taphy (scarps, stream courses, etc.). 
(2) Gaffiification baaed on obsn-vation and inference — order of 
magnitude (major or minor), normal (dip toward down- 
throw), reverse (dip from downthrow), lateral (movement 
tangential), overthrust, warped, etc. 
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5. Jointe and fiaeurea. 

(1) Facta to be observed: (a) Dip, strike, spacing, extent, uni- 
formity (cMirved or straight), etc.; {b) relation to bedding 
and litliologic character; (c) mineralization; (d) different 
systems, character of intersections, relative age; (e) rela- 
tion to other elmctiiree, folds and faults, etc.; (/) efiect 
on erosion, character of topography, stream couraee, etc. 

6. Uetamorphism (dynamic). 

(1) Facts to be observed regarding structures reoulting from 
metamorphiam: (o) Attitude— dip, strike, regularity, etc.; 
(fr) relation to bedding, local folda, general atructurea; 
(c) mineral changes — component minerals, original min- 
erals (inferred), nature of change (addition, subtraction, 
or recombination), parallelism and rotation of minenda, 
aug«n, striation, granulation, banding, pitch (pencil 
struct uie), etc. 
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aOHBDULB 4. — fflMl«n and ^Mlml depodtt. . 

1. Location: Maji reference or description. 

2. Kind; (a) Mountain; (b) continental. 

A. Mountain glaciers. 

I. Easting glaciere: (a) Condition— advancii^, station- 
ar7, retreating; (6) surface, crevasseB — character and 
extent; (c) maigins — lateral, terminal, relation to 
n£v6, bergschnind; (d) activity in eroding, trans- 
porting, depoaiting; (e) relations to surrounding to- 
pography, other glaciers, etc. 
II. Former glaciers: 

(1) Extent: Inferred from (o) erocdon forma; (b) de- 

poaita. 

(2) Readvancee: Overridden (a) outwosh depocdta; 

(&) lacustrine deposits; (c) marsh or forest, 
in. Deposits: 

(1) Moraines: (o) Class— terminal, medial, lateral, 

ground; (6) distribution, mte, structure, com- 
position; (c) relative strength and spacing of 
inner monunee; (d) presence of material for- 
eign to basin. 

(2) Extramorainal depocdts (outwaah): (a) Charac- 

ter, coaraenees; (b) relation to present atream 



(3) Qlaciolacustrine deposits: (a) Beaches, deltas, 

etc.; (6) distribution, structure, composition, 
etc; (c) relation to other glacial deposits. 

(4) Evidence of relative age: (a) Weathering; (b) 

erodon. 
IV. Erosion: (a) Strice; (6) rock basina; (e) roches mouttm- 

n^ea; (d) cirques; («) U-shaped valleys. 
V. Hanging valleys. 
B. Pleistocene continental glaciation. 

I. Direction of movement: (o) Striations; (6) stoss and lee 
slopes; (c) trend of dnimlina, eskers, etc.; {<i) ttama- 
portation of erratics. , ~ ■ 
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2. Kind: (a) UonntBiD; (b) contmenUI— Continued. 
B. Pleistocene continental ^aciation — Continued. 

U. EbonoD iefttuiee: (a) Glaciated Buifacea — planing, pol- 
ishing, etiiation, fluting, diattei markg, gouging, 
rock baainB, roches moutonn^ee, etc.; (6) plucking — 
relation to jointa, bedding, Khistoaity, etc.; (c) ef- 
fects of Etructuie and lithologic ctiaracter; (d) 
amount— variation . 
III. Ice push: Folding, crumpling, or other didocstion of 

conBolidated or unconeolidated beds. 
IT. Depoeita: Composition and rixucture of each class: 

(1) Monunes: (a) Terminal — surface form, relation 

to underlying glacial depoeita, relation to pre- 
glacial tAp<%iaphy, reentrants and lobationB; 
(b) recessional — relative strength, spacing, re- 
lation to other glacial deports; (c) interlobate. 

(2) Dnunlins, eskere, kames: (a) Form, sise, orien- 

tation; (fi) distribution relative to glaciated 
area; (c) to terminal morainee; (i) to other 
drift features^ (e) to preglacial topography, 
etc. 

(3) Extramaiginal deposits: (a) Glaciofluvial— out- 

wash deposits; (b) glaciolacustrine — beaches, 
bars, deltas, etc. 

(4) Associated loess: Relations to glacial drift, to- 

pography, and drainage lines. 
T. Age of drift: 

(1) Hot overlain by later drift: (o) Oxidation; (6) 

leacbing; (e) solution of limestone fragments; 
(if) decay of crystalline rock fragments; (e) 
induration. 

(2) Overlapping drift sheets: (o) Weathering and 

erosion of earlier prior to deposition of later; 
(b) intercalated soil, peat, forest, marine or 
lacustrine beds; (c) difference in compomtion 
due to difierent origin; (tl) relation to loess. 
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■OHSDULE fi.—FredoQi uid Mndpndaiw mBUlllftntu om. 

1. Locatioii: (a) District; (&) name of claim or mine; (c) map refer- 

ence; (d) namee of owner, operator, and superintendent. 

2. Geol<^c relations. 

(1) Rock formations (see Schedule 2); [a) Igneous, sedimen- 

tary, metamorphic; (b) contact relatione; (c) age. 

(2) Structure (see Schedule 3). 

(3) Metamorphiam: B^onal, contact, hydrothermal. 

(4) Weathering. 

3. Ore deposits. 

(1) Outcrop: Leached, enriched, oxidized, yielding placen, 

etc. 

(2) Form: Tabular, elongated cylindrical, lenticular, pockets, 

Btockworks, irr^;ular masses, etc. 

(3) Attitude: Dip, strike, pitch, etc. 

(4) Position vith respect to fissuring, foulling, sheeting, bed- 

ding, etc. 
(6) Distribution with respect to (a) age and kind of rocks; (6) 
system and age of fissureB; (c) zones of contact meta- 
morphiam, etc. 

(6) Minerals: (a) In vein and wall rock; (6) vertical -rariations; 

(e) relatione to each other and to fracturing of vein; (d) 
lower limit of oxidation; (e) level of ground water. 

(7) Genesis, baaed on obaervation and inference. 

(A) Superficial: (a) Placers and residual deposits (see 

Schedule 6); (b) deposits formed by precipita- 
tion and allied processes. 

(B) IncloBed:(tt) Contemporaaeouswlthinclosingrock^- 

sedimentary or magnetic; (6) introduced by eola- 
tions — contact-metamorphic replacement deposits, 
replacement veins and related deposits, fissures 
and other cavity fillings, impregnations and die- 
seminations along favorable beds, etc.; (c) peg- 
matite veins. 
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5. Ore depoeitH — Continued, 

(8) Pay shoote: (o) Primary or Becondary; (6) variation in min- 
enlagical chancier with depth, upper and lower limite; 
(c) poaition with reepect to the deposit as a whole, to fls- 
mrea (especially to their inteTsections), and to chajigea in 
wallrocka. 
4, Conditioua aSecting mining: (a) Topography, acceceibility, trans- 
portatiou facilities, building sitee, dumps, etc.; (b) supplies — 
timber, water, fuel, power, etc.; (c) climatic conditions — work- 
ing aeason, frozen ground, etc. 

6. Development. 

(1) Surface equipment: (a) Hoist — bucket, cage, skip; (b) 

tramways — surface or aerial, length, power. 

(2) Mine equipment: (a) Shaft — size, depth, number of com* 

partments, equipment, pumpa, etc.; (6) incline— slope > 
direction, length, depth, equipment, etc.; (c) tunnel — 
length, size, etc.; (d) winzes, upraises, and chutee — nuni' 
ber, position, length, uses; («) levels — number, diCferencea 
in elevation, depth below surface, etc. 

6. Methods: (a) Mining — underhand sloping, overhead stoping, fill- 

ing, rooming, caving and slicing, etc.; (6) timbering; (c) dffdn- 
ing; (i) ventilating. 

7. Disposition of ore: (a) Shipped to smelter — by wagon, raU, water; 

(6) treated in mill — by stamping and arualgamation, cyaniding, 
chloridizing, pan amalgamation, roasting and pan a 
tion, leaching proceeaes, concentration, etc. 

8. History of discovery and development. 

9. Production: Total and annual so far as available. 
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BCHXD1JLI 0. — FUeor depodti. 

1/ Location: (a) District, State, county, etc.; {b) name of claim; 
^ (fc) map reference; (d) name and address of owner at operator. 
2. Geologic relations. 

(1) Bock formations (eee Schedule 2). 

(2) Structure (eee Schedule 3). 

(3) Metamorphlsm: (a) Katuio— regional, contact, hydrother- 

mal; (6) mineralized zones, veins, or other depoeite o£ 
metalliferouB ores. 

(4) Weathering: (a) Bock decay; (6) rock di«integnitian. 
3.|,8urficial deposits. 

(1) Overburdenorcover: (o) Distribution and depth; (6) strat- 
igraphic relations; (c) character — size, shape, and com- 
position of constituent materials; loose or cemented 
(nature of cement); (d) genesis — transported (agency <d 
tzansportstion and deposition) or residual. 

(2)2Pay streak or part of deposit cairying values: (a) Number; 
(b) position — vertical, horizontal; (c) stratigraphic rela- 
tions; (d) diniensions, shape, etc.; (e) character— size, 
shape, and composition of essential constituent mate- 
rials; looeeor cemented (nature of cement); (/) valuable 
minerals— percentage of each, physical character, size, 
luster, etc.; (5) distribution of values within the pay 
streak; (A) content or value per cubic yard of pay streak. 

(3) Floor or bed rock: (a) Configuration, slope, channels, pot- 

holes or other insularities; (6) origin of surface — eroded 
or conaded (agency), glaciated, weathered (under resid- 
ual depodte), etc.; (c) structure of bed rock (particularly 
jointing, cleavage, etc.); (i^ mineratogical composition, 
mineralization, weathering, etc.; (e) depths to which 
values are found in floor or bed rock. 

(4) Ground water (or ground ice) : (o) Depth and distribution; 

(6) amount and variation. 
4. Conditions aSecting mining. 

(1) Topography, accessibility, transportation facilities, labor 
and w^es, etc. 
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4. ConditioDB affecting mining— Continued. 

(2) Water supply: (a) Volume; (6) atream giadienta; (c) rel»- 
tion to placer deposits; (d) kind of conduits, dams, reaer- 
voin, etc., neceeBftry and cost of conrtniction. 
(8) Supplies of fuel, lumber, power, etc. 
(4) Climatic conditions: (a) Rainfall— amount and distribu- 
tion; Ifi) working season; (c) frozen ground or other ex- 
ceptional conditions. 
6. Methods and coata of prospecting and mining. 

I. Prospecting: (a) Methods— pits, shafts, drill holee, dritta, 

open cuts, etc.; (6) cost per unit (cubic yard, acre, linear 
foot of shaft or drilling, etc.); (c) reliability of results. 

II. Mining. 

(1) Preparation of ground: (a) Methods— clearing, strip- 

ping, ground sluicing, weathering, thawing, sink> 
ing, drifting, etc. ; (b) cost per unit. 

(2) Excavating and handling. 

A. Open cut: (a) Manual — hand work witli pick, 

ehovel, and barrow; (6) hydraulic— ground 
sluicing, hydraulic elevators, etc.; (c) me- 
chanical — horse scrapers, power shovels, lifts, 
conveyors, trams, hoists, derricks (for band- 
ling bowlders), etc.; (d) cleaning bed rock. 

B. Drift: (a) Sinking and drifting — timbering, 

draining, thawing, etc.; (b) hoisting — hand, 
horse, or power; (c) cleaning bed rock. 

0. Dredge: (a) Type; (6) power; (e) capacity. 

D. Cost per unit. 

6. Separation of valuable minerals. 

(1) Rocking and panning. 

(2) Sluicing: (a) Dimensions, etc., of sluice boxes, grade, riffles, 

dumpboxes, grizzlies, undercurrents, etc.; (b) distribu- 
tion of values in sluice boxes; (c) disposal of tailings. 

7. Development: (a) Extent of workings, open cuts, shafts, drifts, 

ana dredged, etc.; (6) character and value of equipment, 
including machinery, ditches, roads, building, etc.; annual 
depreciation of plant. 

8. History of discovery and development. 

B. Production: Total and annual bo far as available. 



SCHEDULE 7. — Iron ore*, ocher, manganeBe ore, and Itaozlta. 

1. Location: (a) Map reference; (6) name of mine or pit, claim or 

property; (c) names and addresaoB of owner or operator and 
superintendent. 

2. Geolc^c relatione. 

(1) Rock formations (see Schedule 2). 

(2) Structure (see Schedule 3). 

(3) Metamorphismt Regional, contact, hydrothennal. 

(4) Weatherii^: (a) Decay — character, depth, products; (6) 

disintegration. 

3. The deposits; make sketches and photographs, 

(1) Outcrop: (a) Character, ext«nt, etc.; (6) relation to topog- 

(2) Form; Shape and dimensiona — veins, pockets, irregular, 

bowl shape, dendritic, lenses, beds, etc. 

(3) Attitude: Dip, strike, pitch, etc. 

(4) Position with respect to (a) structures — faultily, sheeting, 

brecciation, jointing, etc.; (ft) particular beds; (e) other 
deposits of the same or other minerals. 

(5) Overburden: Depth, character, etc. 

4. The ore; collect samples for chemical and microscopic esamina- 

(1) Composition: (a) Essential ore minerals; (6) accessory miner- 

als; (c) ore siliceous, calcareous, aluminous; {d) waste 
material — clay and bowlders of country rock (residual or 
fore^); (e) change with depth; If) change with approach 
to country rock; (3) transition gradual or abrupt. 

(2) Physical character: (a) Form— compact, powder, granular 

crystalline, bowlder, gravel, shot, pieolitic, oolitic, con- 
cretionary, mammillary, stalactitic, etc.; (6) variation, 
vertically and horizontally, 

(3) Grades of ore, proportion of rock and of waste. 

(4) Analyses; secure them whenever possible. 
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4. The ore— Continued. 

(6) Geneeis, based on observation and inierence: (a) Goasan of 
sulphide deposit; (b) oxidation or metamorphiHin of car- 
bonate; (e) weathered outcrop of ferruginoue or man- 
ganiferouB rock; (d) deposited as vein filling, replacement, 
impregnation, or precipitate by (1) surface or (2) spring 
waters; («) geologic age of deposit. 
i. Conditions afiecting mining: (a) Topography, acceaeibility, 
transportation facilities, building dtes, settling baains, dumps, 
etc.; (b) supplies — timber, water, fuel, power, etc.; (c) climatic 
conditions— rainfall (amount and distribution), working se 

6. Development (openings); (a) Surface pit or cut — size, shape, 

depth, etc.; (6) shaft, slope, or tunnel— aize, length, depth, 
equipment; (c) buildings — washer, drying sheds, storage, power 
house, etc. 

7. Methods, actual or practicable. 

(1) Mining; Hand work, power shovel, drilling, blasting, etc. 

(2) Handling: Hand barrow, tram (surface or aerial), conveyor, 

elevator, chute (with or without water), etc. 

(3) Drainage, timbering, etc. 

(4) Preptoation for market: (a) Sorting, band picking, cobbing; 

(6) screening— type and mesh; (e) washing— type, capac- 
ity; {d) drying — air or furnace, type, capacity; (e) bvot- 
Bge cost per unit product. 

8. Diapoeition of ore. 

(1) Uses; (a) For metals—iron, manganese, aluminum; (b) 

chemical products; (c) pigments, etc.; (cf) fire brick 
(bauxite). 

(2) Markets: (a) Demand and supply; (6) competition; (e) 

freight rates. 
0. Statistics. 

(1) Date of opening mine. 

(2) Amount and value of (a) average annual production; (6) 

production for last calendar year; (c) total production to 

(3) Estimate of tonnage remaining in the depodt. 

(4) Royalties, form of lease, option, value of land, etc. 
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aCHXniTLE 8.— Stwne. 



1. Location: (a) Map reference; (b) name of quany; («) ueaceet 

Wwn and railroad station, dirtance; (d) name and ad^eas ol 

2. Fetndogy. 

(1) ClaesiGcstion: Scientific aad trade names. 

(2) Det^led wctione, noting for c*ch bed (a) thickn€« and 

texture; (6) color — fresh and weathered; (e) banding, 
spotting, mottling, etc. 

(3) ConipfMitioii: (a) Essential constituents, form uid sim of 

grains, chantct^ and [soportion of cement; (b) accesecxy 
constituents, especially those that are deleterious, as 
pyrite, etc.; (c) chemical composition — Emalyees by 
benches or average of quarry face. 

(4) Weathering: (a) Depth; {b) character at change; (c) char- 

acter of contact between weathered and unweathered; 
(d) character of surfaces exposed at various distances 
from original sur&ce for determinable periods, 
(b) WorkabUity: (a) Hardnees and toughneee, freeh and weath- 
ered; (6) fracture; (c) ease of cutting—when fresh or sea- 
soned, with or across bedding. 

3. Geologic relations. 

(1) Stratigraphy: (a) Formation names; (b) ^e; (c) associated 

rocks, dikes, etc. 

(2) Structure. 

(I) Of the general region (see Schedule 3). 

(II) In the quarry: (a) Dip, strike; (b)unco&formity,croee- 

bedding; (e) folding, crumpling, fmcturing, or fault' 
iug of beds; {d) joints — systems, spacing, direction, 
filling, motion, alt«ration, staining, etc. ; (c) charac- 
ter of bedding planes — smooth, rough, clean, clay 
covered, micaceous, stylolitic, etc. 
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4. Conditions aBecting quarrying. 

(1) Outcrops; (a) Form and extent; (b) relationa to^ topography; 

(c) relationB to b«dding, atructure, etc, 

(2) Overburden: (a) Oh&racter; (bj maximum, minimum, and 

average thicknesa. 

(3) Quantity available: Vertical thicknees and areal extent of 

formation. 

5. Development. 

(1) Quarry: (ol Date of openii^; (6) type— eidehill, pit; (c) 

fonn and dimensione; (d) drainage. 

(2) Quarrying methods; (a) Stripping; (b) drilling; (c) blasting; 

(d) channeling; {«) splitting; {/) handling. 

(3) Preparation for market; Equipment and methods for saw- 

ing, planing, dreeaing, polishing, crushing, pulverizing, 

6. Utilisation, actual and possible. 

(1) Products: Dimension, rough (riprap), ballast, flawing, 

curbing, paving, abrasive (grindstones, whetstonee, etc.), 
macadam, concrete, cement, lime, Hux, glass, ganieter, 
fertiliser, etc. 

(2) Sizes; (o) Obtained; (6) obtainable (maximum). 

(3) Teste for strength, hardness, absorption, (ire resistance, etc. 

(4) Markete, examples of structures in which product has been 

(5) Transportation; (a) Shipping point; (6) haulage to shipping 

point; (c) mode of transportation to market. 

7. Costa and prices. 

(1) Quarrying: (a) Average cost per unit quantity; (6) wagea 

of unskilled laborers. 

(2) Preparation for market: Cost per unit for sawing, dreesing, 

polishing, crushii^, etc. 

(3) Transportation to market, freight ratee. 

(4) Price f. 0. b.: Average for various producte and grades. 

8. Statistics; Quantity and value of (a) average yearly production; 

(6) production for last calendar year; (c) total production "to 
date. 
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l.^Location: (a) Map reference; (6) name oi quarry; (c) nearest 
town [ind railroad st&tion: (d) name and address of owner. 

2. Petrology. 

(1) ClaaBification; (a) Specimen numbere; (6) scientific and 

(2) Microscopic clmractere: (a) EBaential minerals; (6) acces- 

sory minerals, especially such as are deleterious, aa pyrite, 
etc.; (e) texture or grain — crypto or coarse crystalline, 
porphyritic, vitreous, etc.; (if) secondary changes due to 
replacements, contacts with dikes, etc.; (e) inclusions, 
segregations, veins, etc. 

(3) Workability: (a) Hardness and toi^neee — fresh and 

weathered; (b) fracture; (c) ease of cutting — when fresh 
or seasoned, with or across Foliation. 

(4) Weatherii^i (a) Depth; (b) character of change; (o) char- 

acterof contact between weathered and unweathered; (i) 
character of surfaces exposed at various distances frem 
original surface for determinable periods. 

3. Geologic relations. 

(1) Stratigraphy: (o) Formation name; (6) age; (c) associated 

sedimentary or igneous rocks, dikes, etc. 

(2) Structure: (a) Joints—systems, spacing, direction, filling, 

motion, alteration, staining, etc.; (b) riit, foliation, sheets, 
planes of separation — character, extent, direction; (c) ex- 
foliation; {d) dikes — character, size, direction, etc. 

4. Conditions aSecting quarrying. 

(1) Outcrops: (a) Form and extent; (6) relations to topography; 

(c) relations to structure. 

(2) Overburden: (a) Character; (b) maximum, minimum, and 

average thickness. 

(3) Quantity available. 

5. Development. 

(1) Quarry; (a) Date of opening; (6) type— sidehill or pit; (c) 

form and dimensions; {d) drainage. 

(2) Quarrying methods: (a) Stripping; (Aj drilling; (c) blast- 

ing; {d) channeling: i^) splitting — pneumatic and hy- 
draulic; (/) handling. 
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6. Development— Coiitin»ed. 

(3) Prepat&tion for m&rket; equipment ajid methods for diees- 
ing, polishing, crushing, etc. 

6. Utilization, actual and possible. 

(1) Froducls: Ornamental, dimension, rough (riprap), baUast, 

macadam, concrete, etc. 

(2) Sizes: (a) Obtained; (b) obtainable (maximum). 

(3) Tests for specific gravity, strength, absorption, fire resist- 

ance, etc. 

(4) Markets; examples of structures in which product fasa been 

(5) Transportation: (a) Shipping point; (6) haulage to ship- 

ping point; (c) mode of transportation to market. 

7. Coete and pricee. 

(1) Quanyii^: (a) Average cost per unit; (6) wages of un- 

skilled laborera. 

(2) Preparation for market: Cost per unit for dressii^, polish- 

ing, crushing, etc. 

(3) Transportation to market; freight rat«s. 

(4) Price f. o. b.; Average tor various product* and grades. 

8. Statistics: Quantity and value of (a) average yearly production; 

(() production for last calendar year; (c) total production to 
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SCHIDULI 9. — Bead matoiiab. 



1. Location:(a)MEipTeference; (6) nearest town and TailroadBtatioii, 

diBtitnce ; (c) name and address of owner. 

2. Petrology: (a) Sample number; [b) trade and acientific names; 

(e) maximum, minimum, and average coaraene* of grain; (d) 
texture; (e) color; (/) uniformity; (j?) alteiatione. 

3. Geolc^c relations. 

(1) StnitigTaphy: (a) Formation names; Ifi) age; (e) associated 

rocks, dikes, etc. ; (i) phot<^Taph ca sketch showing lela- 

(2) Sbncture: (a) Maarive or bedded; (6) fiaeility; (c) folds; 

(d) fractures; (e) rift. 

4. ConditionB afiecting quarryii^. 

(1) Outcrops: (a) Fonn and extent; (b) relatione to topog- 

raphy, bedding, etructure, etc. 

(2) Overbuiden: (a) Charactar; (b) maximum, minimum, and 

average thickness. 

(3) Quantity available: Approximate cubic yards. 
6. Development. 

(1) Quarry: (a) Date of opening; (b) number of openings; (e) 

form and dimenraona; {d) drainage. 

(2) Quarrying methods: (a) Numb«r and kind of drills; (b) 

method of blasting; (c) handling. 

(3) Preparation for market: (a) Number and kind of crushers; 

(b) sizes of crushed material produced; (c) percentage of 
each; (d) kinds of screens; {e) Btor^e facilities; (/) 
weight per cubic yard crushed. 
6. Utilization. 

(1) Shipment: (a) Shipping point; (b) haulage to shipping 

point; (c) mode of transportation. 
(3) Uses: (a) Principal markets; {b) examples of roade con- 
structed of this material; (c) names and addresses of 
those in charge of construction and maintenance of these 
roads; (d) quality of such roads. 
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7. Coalfl and pricee; (□) Average coet per cubic yard of quatrring; 

(b) of crushing; (c) average prices of various grades produced, 
f. o. b. quarry; (i) wi^efl oi unflkilled laborers. 
S. Statiatica: Quantity and value of (a) average yearly production; 
(b) productiou for )a«t calendar year; (c) total production to 

9. Tests: (a) Results; (b) by whom made. 

10. Soils, character of, in neighborhood. 

11. Other materials available in district for road construction. 



1.^ Location: (a) Map reference; (6) neareat town and railroad sta- 
tion, distance; (c) name and address of owner. 

2, Physical and petrc^raphic character: (a) Maximum, minimum, 
and average size of pebbles; (6) are pebbles angular or round; 
(c) kinds of Tock constitutii^ pebbles; (d) approximate pei- 
centi^ of each; (e) character of matrix; (/) proportion to 
pebblee; (g) presence or absence of stratification; (A) dip; (t) 
clay streaks or pockets; {j) do walls of pit overhang or stand up 
well; (it) uniformity of deposit. 

3.' Geologic relations: (a) Age; (b) origin; (c) associated surficial 
deposits; (d) relations to neighboring hard-rock maeees; (e) to 
what extent are the gravels derived therefrom; (J) photograph. 
or sketch showing relations. 

4. (Conditions affecting development. 

(1) (o) Form and extent of deposit; (6) relation to top<^Taphy. 

(2) Overburden: (a) Character; (b) maximum, minimum, and 

average thickness. 

(3) Approximate quantity available, in cubic yards. 

5. Development. 

(1) Fit: (a) Date of opening; {b) form and dimensiDns; (c) 

drainage. 

(2) Excavating: (a) Mechanical excavators — number, Idndi 

and capacity; (6) method of transporting at pit. 

(3) Preparation for market, mechanical devices used for 

handling and storii^ material. ' 
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6. Utjlizatioii. 

(1) Shipment', (a) Shipping point; (b) haulage to shipping 

point; (c) mode of transportation. 

(2) Uses: (a) PrincipaJ marketa; (b) examples of roads con- 

structed of thia material; (c) names and addreBses of 
those in chai^ of constructioii and maintenance of these 
roads; (d) quality ot such roada, 

7. Costs Emd prices: (a) Average cost per cubic yard for excavating; 

(6) cost of crushing, screening, etc.; (c) price of material f. o. b. 

nearest shipping point; (d) wages of unskilled laborers. 
S. Statistics: Quantity and value of (a) average yearly production; 

(6) production for last calendar year; (c) total production to 

date. 
9. Soil, character of, in neighborhood. 
10. Other materials available in district for road construction. 
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SCHKOtrU 10. — CraiBiit nutsrlali &Dd lima. 

1. Location', (s) Hap refereace or 

pit, property, or claim; (c) i 
aupQiiDteDdent. 

2. Material. 

(1) Class: (a) Natural cement rock; (b) limestone; (g) chalk; 

(d) mari; («) ehale; (/) clay. 

(2) lithology; (a) Miner^ogical comporition; (b) chemical 

compodtioD and q>ecific gravity (obtain uudyiea if pos- 
eible); (c) unifonoity; (d) phynical character, oolor, frac- 
ture, hudneee, etc.; («) viable impuritiee, chert nod^es. 
Band grains and pebbles; (/) beds or portioiu of deposit 
rej ected — cause. 
S. Geologic relations. 

(1) Stratigraphy; (a) Formation name; (b) age; (c) position 

within the formation. 

(2) Structure: Bedding, dip, strike, faulting, jointing, folding, 

etc. 

(3) Origin (clay): Residual, alluvial, glacial, sedimentary, etc 
4. Conditions affecting development. 

(1) Outcrops: (a) Form and extent; (6) relation to topograpfay 

and drainage. 

(2) Overburden: (o) Character; (6) thickness— maximum, mini- 

mum, and average. 

(3) Quantity available: Vertical and areal dimensionH. 

(4) Accessibility, transportation, timber, water, etc. 

(5) Fuel supply: Kind and cost. 
B. Development. 

(1) Quarry, pit, or mine: (a) Type; (6) date opened; (e) form 

and dimensions. 

(2) Methods of quarrying or excavating: (a) Stripping; (&) 

drilling; (c) blasting; (d) dredge or power shovel; (e) 
[ draining; (J) timbering. 

(3) Methods of liaddling: (a) Wheelbarrow; (6) tramway; (c) 

conveyor, elevator, etc. 
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5. Pevelopment — Continued. 

(4) Preparation: ■ (a) CruBhing; (6) drying; («) grinding^-type, 
fineness, etc. ; ((f) mi-irtng — Iocaloiforeignmaterial,souice 
of gypsum; («) proportiona. 
(6) Squipi^mt for excavating, handling and prepaiing mate- 
rial, and «nil eoata. 

(6) Burning: (a) Kihu— dale of erection, type, fdze, cspacity; 

{b) fuel — kind and method of use. 

(7) Cooling and seasoning of clinker. 

(8) Grinding clinker. 

(9) Hydratnig lime. 

•. Prodnct: (a) Natonl cement; (b) Portland cement; (c) lime. 

(1) Brands and trade name. 

(2) Packii^: Barrels, bags, or bulk. 

(3) Uaiketa: (a) Location and competing supply; (b) transpor- 

tation; (c) freigbt rates. 
7. StatisticBi Amount and value of (a) average annual production; 
(6) production for last calendar year. 
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SOHEDtFLE 11.— Clay. 

1. Lcxaition: (a) Map raference or deacriptioii; (6) name of pit, 

mine, or property; (c) name and addreaa oi owner. 

2. Character of exposure: (a) Natural outcrop; (6) pit or mine; (e) 

extent, horizontally and vertically. 

3. Detailed sections, noting for each bed — 

(1) Fhyeical character; (a) Thickness; (6) colco — ozidiEed or 

unoxidized, aurface stain, motUing, banding, etc.; (e) 
texture; (d) fracture; (e) hardnesH; (/) slacking; (y) 
plaaticity. 

(2) Composition: (a) Essential conatituenta — analyses of aspa- 

rate beds or entire face; (6) visible impurities, sand 
grains (material), concretionB (character and composition), 
bowlders, vegetable matter, etc. 
i. Geologic relations. 

(1) Stratigraphy: (q) Formation name and age; (6) position in 

the formation; (c) relation to adjoining rocks. 

(2) Structure: Dip, strike, faulting, jointing, etc. 

(3) Origin: (a) Residual mantle from removal of soluble por- 

tion of alliaceous ro<:k; (6] residual deposit from decay 
of feldspathic dike or other rock mass; (e) sedimentAry, 
evenly stratified by deposition in standing water; (d) 
alluvial, stream laid; (e) glacial, unmodified drift. 
6. Conditions affecting development. 

(1) Outcrops: (a) Form and extent; (b) relation to topography 

and drainage; (e) relation to bedding, structure, etc. 

(2) Overburden: (a) Chiwacter; (6) thickness — ma'-imum, 

minimum, and average. 

(3) Quantity available: Vertical and area! dimensions. 

(4) Accessibility, supplies of timber, water, fuel, ete. 

(5) Association with deposit of other mineral mined: Coal, 

iron ore, bauxite, mica, etc. 
6. Development. 

(1) Pit or -mine: (a) Date opened; (6) type; (c) form and 
dimensions. 
140 

DigwerihyCOO^Ie 



iNSTRncnoifS fob sfbcial investigations. 141 

i. Development — Continued. 

(2) Hining methods:' (a) Stripping; (b) drilling; (c) blMting; 

(d) power shovel; (e) drainage; (0 timbering. 

(3) Handling: (a) Wheelbarrow; (i) tramway; <c) convejror, 

(4) Prepaiation: (a) Grinding — type of machine, fineneet; (&) 

mixing — local or t<ffeign material; (e) washing; (d) pug> 
ging; («) drying (air or furnace — type); (/) drying shrink- 
age; (g) Htorage. 

(5) Equipment for mining, handling, and preparing product. 
. Utilisation at or near point ot production. 

(1) Products: (a) Structural material — brick, tile, etc.; (6) 

pottery, stoneware, drain tiles, etc. 

(2) Equipment and methods of molding. 

(3) Burning: (n) Kilns— type, capacity; (6) fuel; (c) distri- 

bution of heat and temperature; (<i) length ot bum; (<) 
bumiiw ^rinkage. 

(4) (a) Gtadea — capacity and output of each for calendar year; 

(6) prices; (c) markets; (d) shipping bdlitiee; (e) 
freight rates. 
. 8hippingrawproducta: (o) Usee; (6) markets; (c) transportation 
facilities and freight rates; (d) pricee^at'mine. 
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SCKXDTJLE IS.— Stud mi gn.vtL 

1. Location: (a) Uap reference or deaciiption; (6) luine of pit, 

bank, at fooperty; (e) name and addre« of owner. 

2. GhaBctflr<rfd«poat; make iketchca md aecticma. 

(1) Compoaition: (a) Minnnln rnrnpnainc mnd crainn: (&)iocb 

compoeiiig pebbles; (e) proportion q< various mimeml and 
rock types; (if) pebtdw fresh or dwaysd. 

(2) Sue: <a) Of sand gmiiis; (b) of pebbles; (e) erf bowlden; 

(d) proportion of each. 

(9) Shape (rounded, polished, angular, wihangiilnr)- (a) Of 
sand grains; (b) of pebblee; (c) of bowlders. 

(4) Indniatkm: (a) By pressure; (fi) by cementation — oature 
of OMtiMit: (c) by clay binder. 

(6) Structure of depodt: (a) Stratified; (6) maaaive; (c) cross- 
bedded; (d) pebblee imbricated. 

<6) R^ected material: (a) Stratified day beds; (b) clay lenses; 

(e) clay lumps, balls, etc. ; (d) peat layers; («) logs, Htumps, 
«x>ts, etc. 

8. Qe(dogic lelatiiHU. 

(1) Origin: (a) Agency forming deposit (see Schedule 4); (&) 

source of material. 

(2) Age, stratigrapbic and pbymograpliic relations (see Sched- 

ulel). 

(3) Kelations to amociated hard-rock formations. 

4. ConditionB affecting development. 

(1) Outcrops: (a) Form and extent; (6) relation to top<^iaphy 

and drainage; (e) accessibility. 

(2) Overburden: (a) Character; (b) mailmiiinj nunimum, and 

average thickaese. 

(3) Water; (a) Distrihution; (6) amount; (e) dioinage. 

(4) Amount available. 

5. Development. 

(1) Pit or bank: (a) Date of opening; (6) (ormonddimeiudoiis; 

(c) drainage. 

(2) Stripping. 
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'. Development— Continued. 

(3) Excavating: (a) By hand; (6) mechanical excavatots — 

□umber, kind, capacity. 

(4) Handling: (a) Wbeelbairow; (6) tiam; (c) conveyor — kind, 

capacity. 

(5) Preparation for market: (a) Screening, crushing, washing, 

drying; (&) methods laid equipment; (c) storage. 

(6) CoBt per unit, when obtainable. 
. TJBeB, actual or poedble, 

(1) Btructural: Mortar, plaster, concrete, roofing, walls (bowl* 

ders), etc. 
(2)XGlaB8 (get analyses). 

(3) Abrasive: Stone sawing, polishing, etc. 

(4) Traction: Iiocomotiva, trolley, etc. 

. Markets: (a) Location; (b) transportation facilities; (c) frei|^t 

. Statistics: Amount and value of various grades (a) produced in 
last calendar year; (6) produced to date. 
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SCHSBUIB IS.— Goal. 

1. Location; (a; Map reference; (b) name of mine or prospect; 

(c) name and addrees of owner or operatoT and mine superin- 
tendent, 

2. Geoli^c relations. 

(1) Bxpoeure; (a) Kind— outcrop, prospect, mine; (b) relation 

to topography. 

(2) Formation: (a) Name; (6) age; (c) position of coal bed in 

the formation; (d) petrology (see Schedule 2). 

(3) Structure of the r^on (see Schedule 31. 

(4) Drill records; copy all available and get map locations. 

3. Coal bed; make numeroiiB detailed measured sectionH, observing 

and noting — 

(1) Roof: (Q)Material; (6)thickneee. (richaracter and strength; 

(d) draw slate: (e) any conditions affecting ease or safety 
of mining. 

(2) Coal: (a) Kind — anthracite, bituminoue, subbituminous, 

lignite, cannel, splint, etc.; (6) character and appear- 
ance — color, luster, textiure. fracture, hardneffl, cleat 
(direction of facee and butts), effect of weathering, lia- 
bility to spontaneous combustion, etc. ; (c) bedded 
impurities (partii^ and binders) — character, thicknesg, 
position, loose or adhesive, taken or rejected in mining; 
(d) other impurities (snlphiu' balls, calcite, etc.)— kind, 
abundance, distribution, ease of separation, etc. ; (e) irreg- 
ularities and their effect on mining — rolls, horsebacks, 
clay veins, faults, wants, dikes, etc, 

(3) Floor: (a) Material; (6) thickness; (c) character; (d) ten- 

dency to heave; (e) adaptability to mining; (/) contain- 
ing stems and roots. 

(4) Collect (a) coal sample (see directions, pp. 72-74); (6) fos- 

sils, especially in roof and on dump. 

4. Conditions affectii^ mining. 

(1) Topography, accessibility, transportation facUities, buUd- 

ii^ sites, dumps, etc. 

(2) Supplies — ^timber, water, power, etc, 

(3) Climatic conditions, working season, etc. 
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5. Development {m&ke eketchee and phoUigrapha). 

(1) Surface equipment: (o) Buildiogs; (6) hoiet; (t) trackage, 

tipple, bine, etc. 

(2) Mine equipment: (a) Shtift — riae, depth, compartmente, 

etc.; (6) incline — dope, direction, length, depth, equip- 
ment; (e)tiinnel— length, BJBe, etc. 

(3) Workings: (a) Genera! plan (get mine map), room and pil- 

lar, long wall; (b) size of rooms, pillars, gangways, etc. 

6. Methods. 

(1) Mining: (a) Under cut, afaewed, shot from solid, etc.; 

(6) band or machine (type); (e) kind of pow«f, kind ot 
explosive. 

(2) Handling coal in mine: (a) Type — mule, rope, motor; (6) 

power. 

(3) Timbering: Amount and kind required. 

(4) Drawing pillars. 

(5) Ventilation: (o) Type— natural, furnace, fan; (i) gas; 

(c) dust; {dj liability to explosion. 
(8) Drainage: (a) Type; (6)plBnt; (e) amount of water present. 

7. Preparation of coal for market. 

(1) Sizing: (a) Sizea produced; {b)percentageof each; (e) kind 

of screen. 

(2) Cleaning: (a) In mine; (b) pickii^; (c) washing. 

(3) Handling: (a) Mechanical loaders; (b) storage^kind and 

capacity. 

8. Utilization, actual and poseible. 

(1) Uses: (a) Steam; (6) domestic; (c) gas; (d) coking— loca- 

tion, number, and type of ovens. 

(2) Markets, transportation facilities, freight rates. 

(3) Waste: (a) Benches unmined; (b) pillars not drawn; (e) alack 

9. Statistics. 

(1) Valiie: (a) Coal land; (b) royalties (system of leasing); 

(e) options. 

(2) Production: Quantity and value of (a) average yearly pro- 

duction; (b) j«oduction for last calendar year; (c) total 
production to date. 
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SCHEDULE 14. — Oil uid su (well data). 

1. Location; (o) Map reference ot accuiute description; (6) name 

of claim, farm, or lease and deeigDation of well; (c) name and 
address of owner, superintendent, contractor, driller; (d) date 

2. Geolc^ic relations. 

(1) Formation at suriace: (a) Name; (b) age; (<:) lithologic 

character; (d) poeition in the formation. 

(2) Structure: Relation to determined folds, faulte, joint sys- 

teme, etc, 

(3) Topography. 

3. Condition of well; (a) Productive; (b) exhausted; (c) dry hole; 

(_d) drilling. 

4. Well 1(^; it possible make complete copy, which should show — 

(1) Elevation of ground or top of casing. 

(2) Dates: (a) Began drilling; (6) finished drilling. 

(3) Depth and thickness of each distinct set of beds penetrated 

and distinguished by the driller (state method of meas- 
urement—cable or wire). 

(4) Lithologic character; (a) Color, hard or soft, coarse or fine, 

pebbly, foesiliferous, sticky, tough or brittle, caving, etc.; 
(b) eflect on bits; (c) examine samples if possible; (<Q 
determine meaning of terms used by driller. 

(5) Horizons yielding oil, gas, tar, water, dry rock: Depth and 

thickness; temperature at various horizons. 

(6) Product; Kind and quality. 

(7) Name of productive stratum, local and geol<^ic. 

5. Well record. 

(1) Yield or pressure; (a) When first tapped (open, closed. 

minute); (fc) after shooting; (e) after equilibrium estab- 
lished; (if) at time of visit. 

(2) Variation in pressure related to variation in other wells in 

same pool (indicating open communication or otherwise) 
and distance to other wells compared. 

(3) Variation in gravity ot oil and comparison with gravity in 

other wells in same pool. 

l« r- I 
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6. Product. 

(1) Gas: Analysea and tests. 

(2) OU: (a) Color; (6) odor; (e) gravity. 

(3) OU and waten (a) ProporUona; (b) freah or salt water. 

(4) Water: (o) Fresh or salt; (6) capacity; (c) head. 

(5) Other substances: Sand, gypsum, Enjlphur, etc. 

7. Methods. 

(1) Drilling: (a) Kind of r^; (6) special difficulties; (c) unit 

(2) Casing: (a) Kind; (b) eizee; (c) lengths of various sizes; 

(d) cost. 

(3) Packing: (a) Kind; (6) purpose. 

(4) Shooting: (a) Date; (6) explosive — quantity; (c) effect. 

(5) Pumping: (a) Kind of pump; (6) power; (c) cost per 

(6) Storage: (a) Tanks— kind; (6) reservoirs; (c) capacity. 

(7) Separating oil from water and sludge. 

8. Disposition of product. 

(1) Markets: Price (a) of oil; (6) of gas— to pipe line, to con- 

sumer, sold by meter or flat rate. 

(2) Uses: (q) Refining — proportion of various products; (6) 

fuel; (c) manufacture of gas; (rf) lubricating, 

(3) Transportation; (a) Pipe line— name of owner; (b) railroad; 

(e) water; (d) rates. 

9. Statistics of single well or group of wells in same ownership and 

pool: Amount and value (a) of production for last calendaJ- 
year; (6) of total production to date. 

10. History of discovery and development of pool. 
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Accimcy, eaaeatlats of 27 

Acknowledgments to tho»e atdLng as 

AlMkB, unit ration In 25 

Allotments, eipandltuni of, chaigaof, agalort proper appropriationa 17 

See aiao Appropriations, 
Altltados, eallDiatw of 28-29 

measurement ol 31-33 

Analysea, chemical, nature of. desired 8D 

lequertB (or 80 



Aneroids, caie of 10, 31 



Approprtattons, allotment of 17 

speelOc objecte of 13 

AsBlgnment, Inst ructions lor 17-lS 

Aulataot geologists, work of. teport on 16 

S. 

Barometers. See Aneroids. 

Base line, meaeurement of S7 

Bsuilta, observations on, schedule tor li»-130 

Bedding, aupply ol 23 

Bedding, rock, signlflcance of e7-M,im 

BedB, rock, deptli of, determlaatlon ol, Bgnie llluetrating. 3S-39 

thickness of, determination of 33-37 

detenninatlonol,agums Illustrating 34,3t,37 

Boundaries, delineation of 18,40 



ownership of,,.... ,,--„- SI 

uaeof 81 

See also Negatives. 

Campbell, M. R., methods devised by i JJg 
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C*Tboiia«oua depoaltST algnlficuicfl Of, --,..„.„„.-- -- , 99 

Card nporti. Set Reports, monthly. 

Canwnti, nature o( 9S-«9,100 

Cement materials, obaeryatlone on, achednlefor 138-139 

Chemical anal;sea. iSee Analfseii, chemical. 

CbemJcal gedlments, obaervatlong on, schedule for 120 



Circular fucctlone, diagiani aliowlDg 43 

(ableot 43 

CJaatIc rockMl^sltlon o( 9« 

obMrvBtlons on, instnictlona for SS-lOO 

schedule lor 119-120 

Clay, observations on, eeheduJefor 1*0-141 

Coal outcrops, examination of 61 

Coals, collection of 72-74 

abnrratlons on, schedule tor 144-145 

Collecting, restrtctiona on flS 

Collections, disposition of 66,78-80 

labeling of 87,71 

locality of, deflnll* description of 67-88 

packing of 77 

impacting of.. , 78 

Ste alio Rock specimens; Uinersls; Orsai Road materials: Coal; Foulls. 

Colomd psnellH, use ol 4B,as 

Commercial considerations, obierTatlOnB on, lastruDtlons (or 113,114 

obaerrationa on, schedule for 126, 127-1 4S 



in mine work 63,64 

It information, guardlnB ol 15 

e, indeOnits character of term OS 

ill, coUections ol 70 

n, adTlsabUity of 11 

Contaot-metamorphlfl deposits, magnetism In 64 

Continental glaclation, observations on, butructlonstoi. 106-UM 

observations on, schedule (or 124 

Continentftl sediment a, observations on, instructions for 96 

Contracts, aiecution of 33 

Cooperation, value ol in 



Coats of mining, etc., obcerrations on, instructions for 113,111 

observations on. schedule lor 126, 132, 134, Ut 

CiitiolBm. inhibition ol 13 
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Culture, Inlomution concerning... 



' Decompoiltlon, observatlDii 

DeposLtlOQ, methodB of 98 

I>eptb ol beds. See Bede, depth of. 

Deptlu end dip*. leletloDiol, table of 44 

DiMtrophlBm, evidBnc* Irom 103-lM 

Dlk«a, specimens from SB 

Dip, dotermlnation of 38,40-41 

detennlnstlon ol, Importuice ol >a. 102-103 

Dips end depths, reletlons of, tebleol 44 

DlKlpllne, enforeeniiiiit of » 

Dliteno«g, eMlnutee ol 28-J9 

msMurenieot ol 2»-X 

Drift, DbierrAtioiu on, Instructloiu for ................................. lCt7 

obeeivatlone on. icbedale for Ill 



Economic data, preservation oi 49 

Economic geology, baala (or 87 

reUtion of Btriirtiire to .- ■. ICa 

EOusive rocks, obserratlons on, Initnictlom for 92, M 

SDricbmcmt, secoadary, pioceisee of 113 

Erosion, facial. See Qlaclil erDsion. 

Estimates, accuracy ol 46 

ExpcndltuTee. charge ot, against proper appropriation 17 



Facts and hypotheses, distinction between, preserTatlon of 

Faults, determination oi 

dIpoJ 

SgUTB lllust rating 

Importance of 

Intersection of, with vertlasl plane 

figure Illustrating 



Favoritism, suspicion of, avoidance of. . 

Feed, unit ration lor 

Feet, fossU, importsnoe of 

Ferns, fossil, coUections of 

FWd asslBtanls, work of 

work of, reports on 
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Ffrtd notM, classM and desBilptloiuol 4C-eO 

8«al» WdttrainDtiw; UapDotu; aiaphlcnotH^Trsvwseimtei: Pr>- 
flle aotm. 

Field observations, nature of 28-28 

riddwork.arealdeUneatlonof IT. 

analgmnents to 17-lS 

olanBlllcatlon ol 26 

onBQtlonot 12 

Inirtruotlona (or 17-lS 

preparation (or 11-12,18-23 

Flmnres, tmiQgalQ, QamrBot 109,111-113 

obe»rTatlo# on, inrtnictlons tor lOB 

•ohedvilefor 122 

Folda, Dbaervstlons on, Instructions toi 103 

obeervatlons on, schedule for 121 

Fdf work, clasilfloalion ol at 

raport on U 

Formallona, representation ol Afi 

Foaslls, oollBotlon ot 74-7T,»7 

disposition of 78 

labeling ol 76 

IdBQtlOcatlon by ; « 

GJ-. 

Gabbro, oTolutlon of IW 

Qaa fields, obeervatioDS on, instructloiu tor IlS-n6 

observations on, Bobednlelot 1»-H7 

Geological Survey, cooperation ol other bureaus with IS 

standing of , maintenance of 13-18 

Geologic branch, dlTlslonaof 11 

Geologlc.Mstory, data (or lOt-104 

deduction or 88.8S 

Oeolopo work, organiiatlon of 11 

Qeology, general, Importance ol 87, IIB 

obssTTBtlona on, schedule for I2(>, IIB 

QUotaldepoetts.ldentmcattonof....: t6 

observations on. Instructions tor 106-108 

schedule for 13»-124 



observations on, scbsdulsfor......... 123,124 

Glacial hn»>Chesls, corroboiatlon at S9 

Olaclsrs, observations on. Instmotlons for lOS 

observations on, schedule for 123 

aiadology, study of 106-108 

Ooverument, relations to I2-1S 
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F«ge. 

flrapblc Dotes, iBStructlooa for 90-A2 

Oraton, L.C., alidade iDvsatedbjr 18 

Qravd, obacrvatEoaaon, nAadulelor Ise-IST, I«-14S 



HandiniUiig, l^llilllty of «G 

Hsalth, rare of M 

HypothMea and taoM, dlstloctloii bntvaaa, prBurvation ol 4T-4B 



Igneous rocks, matamoritMsni at 93, H, 100-101 

Dbserratlona on, iDstructlons for 01-91 

sdnedulsfor 110,1S3-I34 



Index maps, piepanttloD ol . . . 
Intormatloii, Ste FnbtlclCf. 
TnEtnunentfl, cAreof.,,,.,,,.-. 



supply of 10 

Insmance, provision (or 24 

Invertebrate lossUs, colleoUoiis o( T6-77 

Iron ores, obaervatloDS on, aohedulelor 110-130 



Jolnte, obaerratlQiis on, aohedule (or . 
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Labeling, lustruotions on 67,71, T4,7S,S1-S3 

Laborera, employment ol 23-M 

Luid-clasalflcatloQ aarvcfe, Mamtial Isaturaol 00 

instniBtlona for eO-«S 

Land DOmera, location of BI 

Land forms, destjrlptlon ttnd Interpretatlai ol SS-W 

observatlona on, aohedulelor UT-llB 

atudyol »-00 

aabdMalon SO 

Lantern alldea, making of S4 

Level, hand, measurements by 32 

Lime, obaerVBtlona oD, schedule for 13^130 
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Limutone, obrarvatloaa on, InatriHitloDs lor W 

r«plftcBment« In 110-111 

Lithologlc data, preierratlon ot 4S 

Looiillttea, eonnectlon ot, with mapi a 



Mandatory Instruc tloni 10 

Manganese ore, obiervatlona on, schedule for 13ft-130 

neatness ot « 

Uapa, locaUistlon of noWs on «-«,« 

looftlliatloQ of units on «g 

BUbdlvlBlon of *«-« 

diagram showing *7 

preparation of, (or field use IS 



are alio Township plata. 

Mapa, eilsting, use o( 18,2! 

Measurements, definite statement of ,.,-..,- ,-^ -^..,-.- 46 

See Attitudes; DIatanoes. 

Uodlcines, supply of 23 

Ifetolllf eious deposits, obaerratlona on, Instruotlona tor 106-113 

observatlonaon, sohBdulBtor 12^-120 

MotalluigloaJ prooesaes, obaervallon* on 113 

observat lona on, schedule lor 128 

UetamoipMc deposits, obaervatlons on, hutmotions for 110-111 

Metamorphlc rocks, nature and Importance of 100-101,102 

observations on, Inatructlona tor fl2,M,10O-lO2 

Metamorphi am, dynamic, obaervatlons on, aohedDleloi 122 

Mlneralogloal study, obsBrvatlone on, Inst motions lor 111-112 



Minerals, eollecttons of 60-70 

disposition of 78 

genealsof 111-112 

obaertatlona on, sohedulB for 12S 

presence ol, noting ol 6S 

Uiae surveys, Instructions (or 63-60 

Mining, obaerratioaa on, iBStTiHtioiis lor IIS, 114 

observatlonaon, schedule for 120,127-146 

UoDDcllnes, observatlonaon, Mhednle lor ITS 

Mosquitoes, protection against 23,26 

Munn, M. J., notebook devised by te 33 
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Nttlonal UuMom. c<fllMtioiiB deatined tor W, 70-71 



NegatlroB, development ol : 83 

development of, cost of 81 

labeling and «talogiilJig ol 81-83 

printing Irom 83 

property In 81 

NomeDCl&tnrs. committee on 81 

conlerance on u 

rulenfor 8&-M 

in external pnblicatlon 8S-8B 

Notebooks, kinds ol 23 

lupply of ^a~7i 

Notebtwkii, looie-Ieaf, advantages of 22-23 

Notebook traverse, maWng of S3. 

Notes. See Flsld notes. 

O. 

Observations. See Field observations. 

Oilier ores, observatlona on, schedule lor 12^130 

Oil OeldB, observatLons on, Instriiotlons for 116-116 

observatlona on, schedule lor 146-117 

Ore. atoping ol, lodieatlon ol U 

Ores, collBctloni of 76-7J 

coUtvtions ol, disposition ol 7B 

obiBTVfttions on, inatnictlons for 106-113 

schedule for 13t-ia6 

orientation of 71 

relative ageol rocks and, iniportaiice of 108 

Oisanic aedlmants, observations an, sehedulefor 130 

obeervallona pn, aigniflcaooe ol SB, 100 

Oiganiiation, outline of 11-12 



Packing specimen 

Particles, rock. Sec Rock particles. 

Parties, chiefs ol, duties of 28 

control of 12 

otganiiation of lI,12,2»-» 

Pay, st<9page ol 24 

Pay ehoote, observations OD, inatnietions for 112-113 

obasrvations on, schedule tor VU 
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P«icUi,iuBor 49 

P«r«iii«l outnt, amount o( '. 23-23 

Par»pectlve,j»i[6Mhe«, nat nra ot Bl 

fetrologfc obwrvatloiu. itutniotloiift lot (O-103 

objects ol flO-Sl 

•ehedulefor 119-120 

See alto particulaT rorti- 
PBtrologj.chiBtolBBCllonol, approval ol 79 



PholographJo laboratory, wort oI 83-84 

Fbotograpby. Imttuctions (or 81-84 

llmltatlcHU o( 81-S2 

Ste al40 Camera; Lau(«ni bUiIbb; NH^tivea. 
Flaser depoBlta, obeervatfons on, InatrucUona lor 113-114 

obeetvatlOBB on. schedule tor 127-128 

value ot aitlmatlon ol 114 

Flam UMe, deaorlptlon of 56 

uaeol (»-58 

Plane-table noteB.lnstnictlonfl lor SJ-58 

FISQtB, lOBsU, ooilectloM ol. 7S-78 

neiBtoceae ^aclation, obaervationa on. ioitructloiiB lor lOt-lOB 

obmrcatlons oo, schedule lor 124 

PwrtousmotalB, obaervatLonBOn.fn»trucOott«lor lOS-IU 

observations oo. schedule lor 125-I2A 

Frevloua work, consideration doe to 18 

Prtfat* property, entry on 14 

entry on, lawB granting H 

ProUems. advice on, ..,....,.,.,,,..,,,,.,,..,,,.,,,.,,,.,,,..... 12 

FroOJe notes, instnictioDB toi SS-eo 

Public, iBlations to 14 

FubUcatiou. external, geologic nomeodatun in 85-86 

parmleeion tor 86 

Publicity, Importance of. .,.......,........„...„...............,,.._,,.,... 13-14 

limitaUonB 14-lfi 

Pyroctastlo rocks, obgervatlona on. Inatructions for 93,94 



Quadranc^. relation ot new worli: to, delineation ol . . 
Qoateroary deposits, work on, atatement ol 



Rations, unit, description ol 

ReconnaiesHDce, area of, delineation ol . . 
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KecoMUtLBtance, pitlJinlnary. value of ZT-0> 



Raports, monOilj, nature ol 18 

preparatLoD aad tiBDamlBslon of U 

Reports, BUpplementary, natnre of IJ 

Reports on Qeld iro(k. ^olofilc uamenolature Id 8S 

preparation of 12 

Sec alto Publication, external- 
Road materlaJa, coUection ol^^- ..-^-.-^--..^.-,.,...,., 71 

obBsrvatloDB on, schedule tor Ut-IM 

Roads, OtDoe of Public, oooperatlonwlth 71 

RookpartlclBP, nature of fiS.Wt 

Roo^ spocimeiu. Trapping of M 

RocltB, coUectlooa of « 

collectiom of, dtapo«llton o[ J» 

color of, ilgnlflcante of lH,iai 

marklngg on. slgnlQcance ol 98,100 

opeulnge In, depotita In lOS-lll 

Routa map, preparation of 50 



gait deposlta. BignlOcance of M 

BampUng oobIb, lOBtractlODB for 71-76 

Sand, Dbserratlona on, scbedule tor l<I-Mi 

Sandstone, Indefinite character of term N 

Scientific asBlBtaata, emeisency employment of 3* 

sBkctlooof 24 

Sections, chtefa of, conBDltatian with U-12,U 

Chiefs of, duties ol U 

liatol U 

Sedimentary rocks, metamorphlBm o( inr-lOl 

obBarvatlOQS on. Instructions for M-ISB 

schedule for Ufr-lSO, m-132 

summary of 100 

Service, datea of, reports on it 

Sheets, specimens from W 

Sttoea, comfortable, Importance of 3t 

Slclcnesa, Inaurajice against M 

SlUs, spedmena from M . 

SltetdieB, classes of SI 

value of il«l 

Sketching case, traverse by, nature ol SS-U 

Ylewol M 

Smith, Glenn 8., sketching case of M, 
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SpeOUd Inveitlgfitkms, InBtructlons tor 87-n; 

eciheduleB loc 118-117 

UMat lis 

pmpoMoI 87-8S 

Stadia. measnremBut by 30, 33 

St»te surveya, credit to 13-11 

publlcatlom by 85-86 

relatlom with 13-U 

etatlouBry, llat ol 20-21 

supply of , . 20 

See olie Notabooks. 
BtsUonery box, need ol 22 

Stone, obBermtlona on, schedule lor 131-136 

BtratlBraptile data, preaarvatlon of 49 

Stnicturai contours, ByBtem ot 115 

Structural data, delineation o( 18 

Structure, Importauce ot, In oil and gas regions.. ...................... 11£ 

Interences (rom loa-lM 

obeerratlona on, inatnictlons lor I02-1M 

Bcheduletor 121-122,146-117 

SubdBtence, provision for 2l-2fl 

Surveys. See State surveys; Geologic^ Survey. 



Tape line, necessity tor. ..........,..,, 30 

Telescope with vertical circle, use ol 33 

Teituro, rock, Inleroocea Jrom B7 

Thickness of beds. S« Beds. 

Thin sections, chips lor 88 

InloimatioQ conoeming 80 

request* (or 6S-8B 

Topographic data, accumulation o( 18-lB 

Township plats, features ot 63-63 



Transition Eone, rock apeclmens of 

Transportation ol rock material, methods ol . . 



Triangles, soIuHod of, fom 
Trlangulatlon, employmen 



Vertebrate fosalle, collections ot 

packing of 

Vouchers, holding up ot 
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